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CHAPTER ONE 
ATOMIC STRUCTURE 
11 Atomic structure of matter : 


Philosophers of ancient time are known to have ex- 
pressed curiosity about the structure of matter and gave 
various opinions about it. Kanad, the ancient Indian 
sage, was of opinion that matter consists of very small 
particles. As far back as the 6th century B C., the 
Greek Philosophers opined that matter is composed of 
discreet, discontinuous and tiny particles. ‘They said 
that if you stand near a sea-shore, the shore will appear 
continuous, But if you take a handful of sand from the 
shore, you will see that it consists of thousands of discreet 
and discontinuous sand particles. In the same way, a 
piece of matter may apparently seem to be continuous but 
in reality it consists of tiny particles. The word 'atomos' 
according to Greek vocabulary, means indivisible. Hence 
they called the tiny particles of matter ‘atoms’, But 
these are all conjectures of ancient people—not substan- 
tiated by actual experimentation. They did nothing 
more and left the idea vague. In the early part of the 
nineteenth century, John Dalton, a noted English 
chemist, first developed a scientific theory regarding the 
structure of matter, partly from the ancient guess-work 
and partly from some modern experimental results, It is 
known as Dalton’s atomic theory according to which 
every substance is composed of very minute, indivisible 
particles, known as atoms. [ For details, see art. 172, 
Chemistry part. ] 

Till the end of the nineteenth century, scientists believed 
that atom is the smallest, indivisible state of matter, that 
atoms cannot be subdivided and that two or more atoms 
combining together produce a molecule and two or more 
molecules produce a piece of matter, But during the last 
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decade of the nineteenth century, Sir J.J. Thomson, 
Crookes, Lenard and others carried out some experiments 
with electric discharge through gases at low pressure 
[See Art. 42, 4th Chapter Physics Section] and discovered 
a particle which is about 1836 times lighter than the atom 
of the lightest element ‘Hydrogen.’ It, at once, indicated 
that the ideas of the scientists about the atom being the 
smallest, indivisible particle are not correct. Atoms are 
divisible and still smaller particles are available by 
breaking up an atom. The most significant characteristics 
of these tiny particles ате : (4) they are charged with 
negative electricity and (ii) they ате all alike—ie., 
from whatever atoms they are collected, they have 
identical mass, diameter, electrical charge etc, These 
particles came to be called electrons. If electrons are 
collected from hydrogen atom, oxygen atom, chlorine 
atom or from any compound, they will be a)l identical in 
all respects, Since electron enters into the constitution 
of all atoms, it is considered by the scientists as a 
fundamental particle in the structure of matter 


If а complete atom obtained either from an element or 
from any other substance, be examined in respect of its 
electrical charge, it will be found to have no charge, 
either positive or negative; a complete atom is always 
neutral but the electrons obtained from an atom show 
negative charge. It means that in an atom equal amount 
of positive charge must be present somewhere— otherwise 
how can an atom be electrically neutral? How and where 
does this positive charge exist in an atom ? After a series 
of carefully designed experiments and calculations, Lord 

ford, the eminent British Physicist, told that the 
do 2 was concentrated in a very small space at 
pU ron To this centralised positive charge, 
ip беліне ot eas leus’? He said that the structure 
he gave me Ut m Apion of the solar system. The 
Lock a nsists of а central Sun with planets like 
solar system CO 
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the Earth. the Saturn, the Jupiteretc. revolving round it in 
their respective orbits An atom is very similar to this ; it 
has a central nucleus with electrons revolving round it in 
their respective orbits [Fig 1] The nucleus plays the role 
of the sun, while the electrons those of the planets. As the 
mass of the stn is very great in comparison with the 


Nucleus Electron 


Solar System Fig. 1 Neon Atom 


mass of any planet, so in an atom, the mass of the 
nucleus is very great compared to the mass of an electron, 
Asa matter of fact, almost the whole mass of an atom is 
concentrated in its nucleus. The diameter of an atom is 
about 10,000 times greater than that of its nucleus. We 
can, therefore, say that almost the whole of the inside of 
an atom is vacuous just as almost the whole of the inside 
of solar system is vacuous. As the sun exerts gravita- 
tional attraction upon each planet,which keeps the planet 
moving steadily in its orbit, so in an atom, the positively 
charged nucleus exerts electrical force of attraction upon 
each electron, which keeps it in its orbit. 

An atom of the simplest element hydrogen is found to 
contain only one electron Its nucleus, therefore, should 
have positive charge equal in amount to the negative 
charge of an electron because a complete atom is always 
electrically neutral. This nucleus of hydrogen atom came 
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‘to be known as Proton. So, a proton and an electron have 
equal amount of charge but their nature is opposite, 
protons having positive charge while electrons negative 
‘charge. But their masses are not equal, protonic mass 
being about 1836 times the electronic mass. As proton 
‘enters into the constitution of nuclei of all atoms, if is 
regarded, like an electron, a fundamental particle in the 
structure of matter. 


The model so conceived by Rutherford in respect of the 
Structure of an atom, thus consists of two parts—one 
internal, know as nucleus and the other external where 
one or more electrons exist. The nucleus, composed of 
protons, has a positive charge, contains almost the whole 
mass of the atom and is a tightly packed concentrated 
mass, occupying a very small volume of the atom, The 
electrons move round the nucleus in their respective orbits, 
whose total nagative charge equals the total positive 
charge of the nucleus, thus making a complete atom 
always electrically neutral. Difference in the number of 
electrons in atoms attributes difference in physical and 
chemical properties of atoms and this is the reason why 
we see varieties of substances around us, 


This porton-electron model of atomic structure is not 
‘without defects, Very soon its short-comings came in the 
forefront. A discussion of the structure of atoms of diffe- 
rent elements will make it clear, After the simplest 
element hydrogen, comes the inert gas helium, whose atom 
is four times heavier than а hy¢rogen atom, Soa helium 
atom should contain four protons in its nucleus. On the 
other hand, from various SPUR it came to be known 
that a helium atom contains two extranuclear electrons 
How will the charges of two extra protons be balanced ? 
"This discrepancy becomes more and more ae i the A 
of heavier elements. For example, the nucleus ofa car ee 
m should have 12 protons while only 6 electrons exis 


e Thus, charges of 6 protons remain 


outside the nuclets. 
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unbalanced. The heaviest element uranium is found to 
have 238 protons in the nucleus, while only 92 electrons 
revolve round the nucleus, So, charges of (288—92)— 146. 
protons are yet to be balanced. In all these Cases, in order 
to balance the charges of extra protons and to give a com= 
plete atom a neutral character, the scientists agreed to 
accept the existence of requisite number of electrons in the 
nucleus, The nucleus of helium atom, thus, contains 2 elec- 
trons, carbon atom 6 electrons, uranium atom 146 electrons. 
and so on. Electrons being exceedingly small in mass, will 
not contribute, by their presence, anything to the mass of 
the nucleusand hence to the mass of au atom, but will give 
an atom its much-needed neutral character, So, the model 
of atomic structure now stands as follows: the nucleus of 
an atom is composed of electrons and protons and outside 
nucleus there are only electrons. In the case of hydrogen 
atom only, the nucleus does not contain any electron ; it: 
is composed of a proton only, 


But this model, too, did not last long. A number of 
serious difficulties cropped up. Finally, after the discovery- 
of isotopes it appeared almost certain that electrons connot 
exist inside the nucleus for the following reasons, The 
isotopes (isos = same, topos=place) of a given element are 
such substances which have precisely the same physical and 
chemical properties as those of the element but have diffe- 
tent atomic weights, For example, neon has two isotopes ; 
their atomic weights are 20 and 22 but their physical and: 
chemical properties are identical. Asa result, they cannot 
be separated from each other by easy chemical means, 
Now, identity of physical and chemical properties between 
an element and its isotopes necessarily means that their- 
atoms have equal number of extranuclear electrons 
because these electrons are responsible for physical andı 
chemical behaviour of an atom. Consequently these atoms 
should have an equal number of protons, too. How then, 
сап we account for the difference in their atomic weights > 
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These difficulties were solved in 1932 when another 
fundamental particle was discovered. This particle was 
discovered by Prof. James Chadwick who gave the name 
*Neutron' to this new particle. Neutron is a meutral 
particle having mass almost same asthat ofa proton. 
Almost immediately: after the discovery of neutron, 
scientists turned their attention to the proton-neutron 
theory of the structure of the nucleus and rejected the 
proton-electron theory. According to this theory, the 
number of extra-nuclear electrons isequalto the number 
of protons in the nucleus and the extra electrons in the 
nucleus according to the proton-electron theory are to be 
replaced by equal number of neutrons. Thus, in an atom of 
helium there are 2 extra-nuclear electrons revolving round 
a nucleus composed cf 2 protons and 2 neutrons, in lithium 
atom, there are three protons and four neutrons. іп the 
nucleus and 3 electrons outside, (Fig. 2)in a carbon atom, 
there are 6 extra-nuclear electrons, and 6 protons and 
6 neutrons in the nucleus, in uranium atom, 92 electrons 
outside the nucleus and 92 protons together with (238—92) 
=146 neutrons in the nucleus Only hydrogen atom does 
not contain neutron, Regarding the structure of an iso- 
topic atom, it is said that their atoms will contain same 


О- Electron 
— Ф Proton 
@ Neutron 
Helium s Lithium Carbon А 
Fig. 2 


number of electrons and protons but the number neutrons 
in their nuclei would be different. This would give 
different atomic weight but because of identical number of 
extra-nuclear electrons, their properties will precisely be 
the same, For example, іп the case of neon isotopes of 
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atomic weights 20 and 22, each atom of the isotopes will 
have 10 electrons and 10 protons but in the nucleus of the 
first, the number of neutrons is 10 while in the second, the 
number is 12. Бір. 3 shows the atomic structure of the 
isotopes of the lightest element hydrogen. Ordinary 
hydrogen atom (H!) does not possess any neutron іп its 
nucleus, deuterium atom (H?) has one neutron in its 


Hydrogen(H") Deuterium GH?) Tritium (НЗ) 


Fig 3 
nucleus and the tritium atom (,H3) 2 neutrons in its 
nucleus, But the number of protons and electrons in each 
case is the same. Аса result, their physical and chemical 
behaviours have become identical but atomlc weights 
different, 

It has been mentioned earlier that difference in the 
number of electrons attributes difference in physical and 
chemical properties of atoms and this is the reason why 
We see varieties of substances around us, But the question 
is how are these electrons in an atom situated ? 

Take the case of the simplest element hydrogen, Its 
atom consists of an electron and a proton. According to 
the laws of electric charge, attraction will take place 
between them because they carry equal but opposite 
charges, Asa result, electron will fall upon the proton 
and the structure of the atom will collapse. But in reality, 
We find hydrogen to be quite stable, То remove this 
discrepancy, Rutherford told that the electron is revolving 
Tound the nucleus in an orbit just like the planets revolve 
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round the sun. Тһе attractive force between the proton 
and the electron will be balanced by the centrifugal force 
of the electron obtained due to rotational motion But. 
this ‘gave rise to another difficulty. According to classical 
electro-dynamics,a charged particle like electron, whem 
revolving, will continuously radiate energy and conse- 
quently the radius of its orbit will gradually shrink, 
making the electron finally coalesce with the proton. So, 
the concept of a revolving electron, too, could not give the 
atom its much needed stability. The problem was finally 
solved by the celebrated Physicist Prof, Niels Bohr 


He told that the electrons cannot revolve in all possible 
orbits as suggested by classical theory. Classical theory is 
not applicable to the realm of atoms There are certain 
privileged orbits, according to Bohr’s theory, where 
electrons can revolve without any radiation of energy- 
One or more such orbits constitute an electron shell and he 
named them as K, L. М. shells, etc, The maximum number 
of electrons that a particular shell can contain is fixed. 
For example, the shell nearest to the nucleus—the K-shell 
can contain, at best, two electrons and not niore than that. 
Тһе next shell—the L shell—can contain 8 electrons, the 
M-shell 18 electrons, etc, Ifa particular shell contains all 
the electrons that it can possibly contain, the shell is said 
to be complete or saturated. These numbers may appear 
to be haphazard at first sight but they are not so. If the 
shells be numbered as 1, 2, 3, 4 etc, then the square of the 
number of any shell multiplied by 2 will give the greatest: 
number of electrons that the shell can contain. 

Now Jet us come to the case of hydrogen atom. It has: 
one electron only. It goes without saying that this single 
electron of the hydrogen atom resides in the K-shell. Next 
comes helium atom which has two electrons, The K-shell 
cannot contain more than 2 electrons, Hence 2 electrons 
of helium atom revolve in the K-shell which therefore 
becomes complete. Next comes lithium atom having three 


| 
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electrons Two of these electrons complete the K-shell 
and third goes to L-shelJ, which can contain, as we have 
seen earlier, 8 electrons in the maximum. In this way, if 
we come to neon atom, we find that it contains 10 
electrons. Out of these 10 electrons, two go to complete the 
K-shell and the remaining 8 electrons go to complete the 
L-shell, So, the first two shells of the neon atom are 
complete just as the first shell of the helium atom is, Next 
comes sodium atom which requires M-shell to provide 
position for its electrons. 

It may be mentioned in this connection that chemical 
properties of an atom are mainly determined by the 
electrons in the outermost orbit of it. ‘These electrons 
are known as ‘valence electrons? We have seen that the 
atoms of gaseous elements like helium, neon, argon, etc. 
have respectively their K-shell, L-shell, M-shell complete. 
There is no vacancy in those shells which means that 
these atoms have no valence electrons. Curiously enough, 
their chemical properties are also similar—each one of 
them is ап inert gas. Again, atoms of lithium, sodium 
potassium, etc have one valence electron each and this 
valence electron of these elements resides respectively in 
K, L, М shells, There is also striking similarly in their 
chemical properties. 

In this way, the theory advanced by the joint effort of 
Rutherford and Bohr regarding structure of an atom 
gave consistent results in all respects and came to be 
accepted by-all. 

1:2 Atomic weight, mass number and atomic number : 

How smallis an atom? How light it is? It goes 
without saying that atoms and molecules are exceedingly 
small—so small that even a very powerful microscope will 
not reveal their existence, Calculation shows that there 
may be 3x 10? atoms of hydrogen in a space whose length, 
breadth and height are each only 1 centimeter, If the 


X—2 
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weight of an atom of hydrogen be calculated, the figure 
comes out as 1 67 х 107?* gram! , 

Such small figures are very inconvenient to deal with. 
Scientists have, therefore, devised another method of 
calculating weights of different atoms, They take atom 
of a particular element as a standard and express the 
weights of other atoms of other elements іп comparisou 
with that standard, The chemical system of calculating 
atomic weights adopts as a standard 16 for the atomic 
weight of oxygen and the atomic weights of all other 
elements are then stated in terms of O=16 as the standard. 
So, the at wt. of an element : 

_the wt of an atom of the element 

А 3th of the wt. of an Os atom 
Thus, the atomic weight of hydrogen is 1:00813, that of 
helium 4:00387, that of aluminium 2690014, etc. This 
means that an atom of hydrogen is about ү; times heavier 
than an oxygen atom. біш ату a helium atom is Ys OF t 
times and an aluminium atom about 27 times heavier than 
an oxygen atom. 

Now, the mass number of an atom denotes the integer 
nearest to the value of the atomic weight of that atom. 
Thus, the mass number of hydrogen atom is 1, that of 
helium 4, of aluminium 27, etc, The mass number 2150 
represents the total number of protons and neutrons in the 
nucleus of an atom. For example, the mass number of 
helium is 4 but the helium nucleus is composed of two 
protons and two neutrons i. e., of 4 particles. In the same 
way, the nucleus of aluminium atom contains 27 particles, 
carbon atom 12, uranium atom 238, etc. Ordinarily, the 
mass number is denoted by the letter 4. So we can write, 

A=number of protons +neutrons in the nucleus 

On the other hand, the atomic number of an atom 
denotes the number of electrons outside the nucleus of 2 
neutralatom. It has got another important significance: 
Long ago, the celebrated Russian Chemist Mendelejeff 
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showed that if the chemical elements are arranged in order 
of their atomic weights, they show a regulary occurring 
sequence in their chemical properties. Such an arrangement 
is known as the pertodic table. Interestingly enough, the 
atomic number of an element coincides with its position 
in the periodic table. For example, the first position 
in the periodic table is occupied by hydrogen whose atomic 
number is 1. In the second position comes helium and its 
atomic number is 9. In this way, the heaviest element 


uranium occupies 92th, position in the periodic table while 


its atomic number is 92. 


Ordinarily, the letter Z represents the atomic number, 
So, we can say, 


Z=the number of electrons outside the nucleus іп an 
atom. 


Since the number of protons in the nucleus equals the 
number of electrons outside the nucleus, it may also be 
said Z=the number of protons in the nucleus of an 
atom, From this, we can also say that 


А —Z = number of neutrons іп the nucleus of an atom. 


So, itis seen that if the mass number and the atomic 
number of an element are known, we can form an idea 
about the atomic structure of that element. 


The notation usually adopted to designate a given atom 
is 2X4 where X stands for the chemical symbol of the. 
elenient to which the atom belongs, 4 the mass number 
and Z the atomic number of the element, So,in an atom 
of that element, there are Z electrons outside the nucleus, 
Z protons and (A—Z) neutrons in the nucleus, For 
example, 11С1%5,: ,4Ne?9, |3А197, etc. In these Cl 
represents chlorine atom which has 17 electrons, 17 protons 
and (35—17)—18 neutrons, Likewise, AZ stands for 
aluminium atom and it has 13 electrons, 13 protons and 
(27-13)--14 neutrons. 
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13. Fundamental particles : 

Electron: Electron enters into the constitution of 
every element. It is the lightest particle known and its 
mass is 9'1 x 1072? gm; we do not know any other particle 
lighter than an electron. It is about 1836 times lighter than, 
the atom of the lightest element hydrogen. It carries. 
negative charge whose amount is 48x 1071? e.s.u. It is the 
smallest amount of charge known to us and hence itis 
taken as a unit of charge. It is exceedingly small in 
dimension, the diameter being 56 х 10719 cm 

Proton: Proton enters into the constitution of the 
nuclei ofall elements. Its mass is same as the mass of 
hydrogen atom and is about 1836 times heavier than an 
electron. Its mass is 167x 10724 gm ; it carries positive 
charge, the amount being equal to that of an electrons 
viz, 48x 107!? esu. 

Neutron: Save and except hydrogen atom, other 
atomic nuclei contain neutron like proton. It is electri- 
cally neutral and its mass—1:675 x 10724 gm.—is SERM 
greater than that of a proton. 

Isotopes: It has been mentioned before that isotopes 

ofa given element are such substances which have 
precisely the same physical and chemical properties as 
those of the element but different atomic welght. Scientists 
were aware of the existence of isotopes in the case of 
elements of higher atomic weight i.e., radioactive subs- 
‘tances such as uranium, actinium, thorium, etc. But 
after the discovery of positive rays in the last decade of 
nineteenth century, it became known that almost all 
elements—radioactive ог  non-radioactive—have got 
isotopes, Even the simplest element hydrogen has two 
isotopes, viz. deuterium and tritium [Fig.3]. 


Exercises 


1, Why is electron considered as a fundamental particle in the constitu- 
tion of matter? Is there any other fundamental particle; What are the 
mass and the charge of an electron ? 
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2. What are the similarities between the structure of an atom and that 
of the solar system ? Who pointed ont the similarities first ? 
8. What is a proton? What is the relation between the masses of a 
proton and an electron ? 
4, Which particles the nuoleus of an atom is composed of? Describe 
its Structure. 
5. What ів anisotopo?  Whatisitsstruoture? What are the isotopes 
-of hydrogen 1 
6 What is & neutron? Is it a fundamental particle? What is its 
mass ? 
7. Explain the terms 2 Atomic weight, Mass number and Atomic number, 
8. Write a short essay on tho structure of an atom. р 
9, How can you express an atom by notation? Explain it fully. 
10, Notations of some atoms are given below, Find out the number oi 
*electrons, protons and neutrons in each of them 2 
(a) ,O!? (b) ,,Ra?'* (c) ,N!* (d) ,O!*. ta^ 
11. Write the notations of the atoms from the following data = 
(а) for phosphorus (P) atom, Z—15 and A—31 
(b) ., Berellium (Be) ,, Z=4anda=9 
(c) .. Boron (B) , 7-5 and A=10 
(d) - ,, Magnesium (Мр), Z=12 and A=24 
(e) ,, Uranium (U) ,, Z=99and А--988 
19. Two atoms have their atomic numbers equal but have different 
atomic weights. This shows that they have 
(1) equal number of protons and equal number of neutrons 
(ii) equal number of protons but different number of neutrons 
diii) equal number of neutrons but different number of protons, Which 
one ів correot ? 


CHAPTER TWO 


PROPERTIES OF GASES 
21 Properties of gases : 


Gases and liquids have several properties in common. 
For example, both have weight, volume, pressure, etc. 
Properties in which they seem to differ are, in reality, only 
different degrees of the same property ; such as in both of 
them, the molecules are capable of moving ; in gases quite 
freely but in liquids not so freely. It is due to this restric- 
ted mobi ity of the liquid molecules that a liquid main- 
tains definite size or volume but assumes the shape of the 
container, Ina gas, the molecules are rather free to MONG 
and as a result a gas has neither shape nor volume of its 
own It always occupies the volume of its container. 20 
c.c, of water, when poured into a vessel of 400 с.с. capacity» 
willalways occupy 200 с.с. but 200 c.c. of gas when simi- 
larly poured, will at once occupy the entire volume (624 
400 с.с.) of the vessel. 

Expansibility of gases : 


One of the characteristics of a gas which distinguishes 
it from a liquid is its expansibility. The volume 049 
certain mass of a gas changes appreciably due to а slight 
change in its pressure and temperature. For this reasons 
whenever the volume of a gas is mentioned, its temperature 
and pressure are also mentioned. ‘10 c.c. of hydrogen 27 
oxygen’ —statements like these ате meauingless unless the 
temperature and pressure are mentioned because at 2 
certain temperature and pressure, a definite quantity 9 
hydrogen от oxygen may occupy 10 cc, but with the 
change of temperature or pressure or both, the same 
quantity of the gas may occupy entirely different volum 

The expansibility of gases will be clearly borne ош 
from the following simple experiments :— 
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(а) Filla toy balloon with some air or gas and close 
its mouth tightly. Now, warm it slightly. The balloon 
will swell up. The air in the balloon, being heated, 
expands in volume and exerts outward pressure on the 
balloon, which, therefore, swells up. Now, cool the balloon 
to its original temperature. ‘The volume of the balloon 
will also contract to its original dimension. р 

(b) Close Ње mouth of a glass bottle by a cork and 
place it by the side of an oven. You will here a loud report 
after sometime and will see that the cork has been thrown 
away toa certain distance from the bottle. Why does it 

, happen so? Due to the heat of the oven, the air in the 
bottle tries to expand in volume and exerts a great pressure 
on the cork as well as on the glass walls of the bottle. 
This increased pressure forces the cork out of the bottle. 


(c) You must have seen that milk swells up when 
heated. Half pan-ful of milk, if heated, will swell and fill 
up the whole pan, What is the reason of it? Some air 
always remains dissolved in milk. On being heated, this 
air expands in volume and causes the swelling of milk. 


All gases expand equally due to equal amount of heat: 


Gases, like solids and liquids, expand when heated but 
one of the characteristics of gases is that all gases expand 
equally due to equal amount to heat. ‘This is not the case 
with solids and liquids. The following experiment demon- 
strates this characteristic of gases : 

Experiment: Take some coloured water ina thin- | 
walled glass flask and close its mouth with a cork [Fig. 1] 
Insert a thin glass tube through the hole in the cork so 
that the tube may reach the bottom of the flask. Besides 
water, there is air in the flask. Now, wrap the upper 
part of the flask by your palm and you will see that the 
coloured water rises to a certain height in the glass tube. 

Due to the/heat of the palm, the air in the flask tries to 
expand іп volume and exerts a pressure on the water 
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surface. ‘This pressure forces water up along the tube. 
Now take two such flasks and fill 
them partly with equal quantities 
of coloured water so that each has 
the same volume left for holding 
gases. Suppose, one of them contains 
air and the other equal volume of 
hydrogen. Now place the flasks in a 
vessel containing warm water. It, 
will be seen that coloured water has 
gone up the glasstubes to equal 
heights. This clearly shows that 
gases expand equally due to equal 
amount of heat. 


? ^ Fig. 1 

Motion of gas molecules : 

Any substance, be it solid, liquid or gas, contains 
numerous molecüles. The moleculesjof a solid are densely 
packed and have strong binding forces between them. 
This is why a solid substance has а definite shape and 
volume. The liquid molecules are less densely packed and 
have less binding forces between them, for which a liquid 
has no definite shape but has a certain volume. The 
molecules of a gas, on the other hand, have very very weak 
binding forces between them and compared to the solid and 
liquid molecules, they are widely separated from each other. 
Consequently, gas molecules move. more or less freely in 
the enclosure in which the gas is kept. 

If we examine a certain amount of any gas by а 
microscope, we will see that gas molecules are moving 
chaotically in all directions with all possible speeds. Due to 
this random motion, the molecules constantly collideagainst 
one onother as well against the wall of the enclosure. 
On every collision against the wall, a molecule hands 
over some momentum to the wall. Since in the enclosure, 
there are thousands of gas molecules, a large number of 
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<ollisions against the wall take place every moment and this 
exerts a pressure on the wall. Thisis referred to as the 
gas pressure. As jets of water directed against a wall by a 
hose-pipe, exert pressure on the wall, so also the gas mole- 
cules exert pressure on the walls of the enclosure. 

Itis clearly seen that if the volume of the enclosure con- 
taining the gas be diminished, then the pressure of the 
gas on the walls of the enclosure increases, for, the same 
number of gas molecules now occupy a smaller .ѕрасе and 
‘come closer to each other, thereby increasing the number 
“of collisions against the walls. On the other hand, if the 
volume be increased, the pressure diminishes. 

Experiment : Take a glass tube and introduce a tightly 
fitting piston P halfway in the tube [Fig. 2(i)]. Introduce 
some smoke through the other end of the tube to make 
visible the volume of air init. Now close this end by a 
thin rubber sheet. When the piston is pushed towards 
the sheet, the volume of the air in the tube decreases. 
It will be seen that the rubber sheet bulges out [Fig 2(11)]. 
What does it indicate? It indicates that the pressure of 


(iii) 


Fig. 2 3 
air in the tube increases when its volume is diminished, 
Now, the piston P is moved backwards to its original 

. Position, so that the sheet flattens again. ‘This shows that 
"when the volume of air increases the pressure diminishes, 
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f the piston be pulled further backwards, the volume will 
diminish further and the pressure ofair in the tube will 
be smaller than the pressure of air outside. At this time. ‘ 
the rubber sheet will be found to bulge inwards 
[Fig 2(ii)]. 

It is needless to mention that when the sheet is flat, 
the pressures of outside air anc the air inside the tube are 
the same and the sheet is pressed equally on both the 
sides. Same results will be obtained if air is replaced by 
any other gas. So, we can conclude that if the volume of 
a gas be diminished, its pressure increases and vice versa. 

Again, if a gas be heated, its molecules move with 
greater speed and hand over greater momentum to the 
walls of the enclosure against which they collide. This 
evidently increases the gas pressure. The glass bottle 
experiment described in art. 271 illustrates this 

Uses of air pressure : 


There are many uses for compressed air: it is utilised 
in inflating tyres, in operating air brakes and tools such as 
the riveting hammer and in keeping water out of 
underwater workings, 

Low pressures have their uses too. The vacuum cleaner 
is a familiar example. In making electric lamps, radio and 
television tubes and X-ray tubes it is extremely important 
to remove as much air as possible. Modern vacuum 
pumps can reduce the air pressure in a tube to less than 
‘001 mm. of mercury or even less. 

2:2. Gas Laws: 

We have seen that a slight change in the tem perature 
or pressure ofa gas causes an appreciable change іп ite 
volume, Change of volume of a solid or liquid due t° 
slight changes in its pressure isso small that it сап 
easily ignored, But, the volume of a gas undergo? 
appreciable change due toa small change in its pressures 
even when its temperature is unchanged. · Similar?" 
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the volume of gas changes appreciably due to a smalt 
change in its temperature, even when its pressure is. 
unchanged. Pressure of a gas, on the other hand, changes 
due to a change in temperature, when the volume of the 
gasis kept unchanged. For this reason, the study of 
behaviour of a gas requires the consideration of its volume, 
pressure and temperature. Their relationships are guided 
by three laws known as gas Jaws. 

(a) Boyle'slaw: The volume of a certain mass of gas 
at constant temperature is inversely proportional to its 
pressure. 

- ІРУ be the volume of a certain mass of gas and P its 
pressure then according to Boyle’s law, 


Ve B when the temperature remains constant, 


i.e, V P=constant, 

So, if the volumes of a certain mass of gasbe У,, Уә, 
Va etc. and the corresponding pressures be Р,, Pa, D, etc, 
then, : 

V,P,=VoP.=V5P3 =ete. 

As an illustration, suppose we take 100 с.с. of a gas 
іп a vessel. ‘The pressure exerted on the gas by a piston 
is equal to 1 atmospheric pressure and its temperature is 
30°C. [Fig. 3()] Now, the temperature of the gas 
is kept the same, but 
the pressure is dou- 
bled by putting double 
weight on the piston. 
According to the 
Boyle’s law, the 
volume of the gas will 
be reduced to 192=50 
с.с. [Fig. 3 ii]. Now, 
the pressure on the Fig. 3 
gasisincreased four times by putting load four times 
than the first, The volume of the gas will be reduced in 
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the same proportion i.e. it will be 109 —25 c.c. [Fig 3;111)]. 
Now, if the pressure be halved i.e, made equal to 2 atmos- 
phere, keeping the temperature constant the volume will 
at once increase twofold and will be equal to 25 x 2—50c.c 
In the same way, a fourfold reduction in pressure (Le., 1 
atmosphere ), will increase the volume of the gas fourfold 
апа the volume will be 25x 4=100 с.с. 

(b) Charles’ law: Pressure remaining constant, the 
volume of a given mass of a gas increases or decreases by а 
constant fraction (—314) of its volume at ОС for each degree 
celsius rise or fall of temperature. 

If V, represents the volume of a given mass of gas 
at 0°C, then from the law, we have 

Volume at 1С=У,+Ү,. siz 
v» » ZC-V,-V,. т? 
» LET] t 
CC- V. V, 378 
If V, represents this volume at t°C, then, 
am Ve Vests e Ve 1+3) 


Similarly, when the temperature of the same mass 


‘of gass be gradually made to decrease, its volume at 
—tC is given by, 


Vm Vs Veg s Vo (1-35) 

(c) Pressurelaw: Volume remaining constant, the 

pressure of a given mass of gas increases or decreases bY 

а constant fraction (=z5) of its pressure at 0'O for cach 
degree celsius rise or fall of temperature, 

If the pressure of a given mass of gas at OC be Po; 


then for a rise or fall of tempetature of С, its pressure 
P, is given by 


39 t 
Eve Es | =) 
Absolute Scale and Absolute Zero : 


From Charles’ law we see that under constant pressure 
the fractional change in volume of a gas due to tempera- 
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ture change is always constant, regardless of the kind 
ofgas used. Starting from О?С, the change amounts to 
zt; of the original volume for each celsius (formerly 
centigrade) degree change in temperature. This means. 
that for every degree that the temperature is lowered, 
the volume decreases by zt, of its value at ОС and 
suggests that if the temperature were lowered 2739 
below the ice point (0'C) the gas would no longer occupy 
any space | 

Similarly, from the pressure law it follows that ifthe 
temperature be lowered 273° below the ice point, the gas 
would no longer exert any pressure at all—provided, of 
course, the gas does not first liquefy or solidify 

Both these conclusions point to the existence of a. 

‘lowest possible temperature of —278'C, where а gas 
would no longer take up any space or exert pressure 
on its container. This temperature is called the absolute: 
Sero. In the laboratory, Physicists have been able to reach. 
within a few thousands of a degree of this point. 

For all theoretical purposes, scientists measure tempe- 
ratures upward from the absolute zero asa starting point, 
using the celsius degree as the unit, ‘This scheme is 
called the absolute or Kelvin scale. 'To change from a 
celsius reading to Kelvin, simply add 273. For example, 
a summer temperature of 40°C is equivalent to 404-278. 
=313°K, 

2/3. Avogadro's hypothesis : 

The concept of atoms was first introduced by John 
Dalton to explain the formation compounds from simpler 
substances called elements, He told that substances are 
composed of tiny particle which are indivisibie and called 
them ‘atoms’, He further said that the atoms of any one 
element were identical in all their properties including 
weight but atoms of different elements differ from one 
another in properties as well as in weight, This is known 
as Dalton’s atomic theory. 

S.C.E.R.T., West Benga) 
Date. 
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Many of the elements and compounds are available 
in gaseous state. It was found that the volumes of the 
elements and compounds involved in a chemical reaction, 
in which both the initial and final constituents were gases, 
were connected by very simple relationship. This was 
first noticed by a French chemist named Gay Lussac. He 
found experimentally that hydrogen and oxygen react 
chemically in gaseous state to form water vapour which 
is also a gas. Не further found that at the same tempe" 
ture and pressure, two volumes of hydrogen and one volume 
of oxygen combine to form two volumes of water vapoUt: 
Gay-Lussac was surprised to find the simple ratio (2:1: 2) 
existing between the volumes of hydrogen, oxygeu and 
water vapour. He asked himself, “По all other gases 
combine in such simple ratios to form new gaseous 
compounds?" He. then, prepared hydrochloric acid £95 
by combining hydrogen and chlorine gas. In this case 
also he found the same simple ratio to exist between the 
volumes of the reacting gases and the product gas. In this 
way,experimenting with many other gases he found the 
same rule to exist from which he formulated a law know” 
after his name, as Gay-Lussac’s law. The law states 
that when different gases react with each other chemi- 
cally to produce gaseous substances, then under the same 
condition of temperature and pressure, the volumes 9 
the reacting gases and the product gases beara simple 
Tatio among one another. In trying to explain the above 
law by Dalton's atomic theory Berzilus came toa very 
important conclusion, The conclusion is that undef the. 
same condition of temperature and pressure equal volume? 
of all gases contain equal number of atoms. ‘This is know” 
as Berzilus’ hypothesis. But a serious difficulty arose int 
application of the hypothesis іп the chemical reactions 9 
the gases, It was found that for a satisfactory explanatio” 
of chemical behaviour of gases, atoms have got to be sub" 
divided which is forbidden according to Dalton's atomi? 
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theory. To surmount this difficulty Avogadro took а bold 
step. He visualised two kinds of ultimate particles of 
matter andicalled them molecules and atoms, The following 
properties-were attributed to the molecules and the atoms: 

(i) Molecules retain the properties of the elements or 
ofthe compounds to which they belong and have free 
existence. For example, molecules of water, hydrochloric 
acid gas, etc. i 

(i) Atoms do not exist in free state but take part in 
chemical reaction. н 

(ii) Molecules ате divisible but atoms are not. Two 
or more atoms combining together make a molecule, For 
example, by splitting one water molecule, we get two 
hydrogen atoms and one oxygen atom. The hydrogen 
atom or the oxygen atom cannot be further split up 
Similary, if we split one hydrochloric acid gas molecule, 
‘we get one hydrogen and one chlorine atom. 

With this idea of atoms and molecules, Avogadro modi- 
fied Berzilus’ hypothesis іп the following line : Under the 
same condition of temperature and pressure, equal volumes of 
all gases contain equal number of molecules. This is known 
as Avogadro’s hypothesis. This hypothesis, therefore, 
means that at a certiin temperature and pressure, if a 
vessel be filled up with various gases-element or compound 
—then in each case, the number of gas molecules in the 
vessel will be equal. For example, 1 c.c./of oxygen or 1 с.с. 
of hydrogen will contain as many molecules as lac. of 
chlorine or 1 сс of nitrogen or any other elementary or 
compound gas contains under the same condition of tempe- 
Tature and pressure. If 1 c.c. of hydrogen contains 5000 
millions of moleculesat a certáin temperature and pressure 
then 1 c.c. of any other gas, at the same temperature and 
pressure, will contain the same number że., 5000 millions 
of molecules. 

Applications of Avogadro's hypothesis : 

Solving many knotty problems satisfactorily, Avogadro's 
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hypothesis has caused a great advancement to the science 
of chemistry. By its application, it may be proved that г 

(i) Тһе molecules of elements like hydrogen, oxyge? 
etc. are di-atomic, : 

(ii), The molecular weight of a gaseous substance is 
twice its vapour density. 

(ii) At normal temperature and pressure, the gram- 
molecular volume of all gases isequal and it is equal to 
22 4 litres. 

(iv) The molecular formula of a gaseous substance са? 
be determined, 

2:4. Molecular weight and Avogadro number : 

The molecules of an element or a compound ате 50 
small that direct determination of their weight is 20 
possible, Like atomic weight, molecular weight of 2 
substance is also measured in comparison with a standard 
substance, viz, oxygen atom whose weight is taken 95 16. 
It may be defined as the number of times a molecule ° 


a substance is heavier than one-sixteenth of the weight of 
an atom of oxygen. So, ) 


ауа weight= Wt. of a molecule of the substanc? 
Ts of the wt, of an atom of Оз 
In order to calculate the molecular weight of a9 
element or a compound, at first, the number of constituent 
atoms are to be ascertained from its molecular formula 
because, the molecular weight of an element cr a compound 
is the sum-total of the atomic weights of the atoms which 
constitute a molecule of the substance, For example, tPF 
molecular weight of water is 18'016, ‘This is becats? 
H,O=H+H+0=1-008+1°008+16=18016, Тһе mole 
cular formula, of nitric acid 15 HNO,; TUNER its moleculaf 
weight=H+N+3x0=1+14+3x16=63 (taking atomi? 
wt. of hydrogen as 1), It is to be always borne і? 
mind that the atomic weights do not еден the actu 
weights of the atoms; the atomic weight of Ос is 16; 
that of H is 1008, that of Cis 12—these о Жер not 
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indicate the actual weight of an atom of H or of Os, etc. 
Similary the molecular weight of oxygen is 32, that of 
hydrogen 2'016, that of water 18°016—these figures also 
do not indicate the actual weight of a molecule of oxygen 
or of hydrogen, etc. These figures indicate numerical 
comparison with respect to a standard. 

A quantity of any substance whose mass, in grams, is 
numerically equal to its molecular weight, is called gram- 
molecular weight or mole, For example, molecular weight 
of oxygen is 32; hence the. gram-molecular weight of 
oxygen will be 32 grams ; molecular weight of water- 
vapour is 18016 and the gram molecular weight of water- 
vapour will be 18016 grams, . 

The volume occupied by a mole ofany gas is called the 
&ram-molecular volume, Оп the basis of Avogadro's hypo- 
thesis, the gram-molecular volume of any gas at normal 
temperature and pressure 15 22:4 litres and every mole of a 
substance contains the same number of molecules. This 
number is known as Avogadro number and is equal to 
6:06 x 1023 ; for example, there are 606 х 1023 molecules 
Present in 32 gms, of oxygen or 44 grams of carben di-oxide 
because 32 gms. and 44 gms. are the *gram-molecular 
Weights of oxygen and carbon di-oxide respectively. 


Exercises 


1. Mention some common occurrences which illustrate that gases are 
more expansible than solids or liquids. 

2. What are the characteristics of a gas ? 

9. Why does the pressure of а certain quantity of gas change due to the 
change of its volume and temperature ? 

1. Mention the gas laws and explain them clearly, 

5. Whatis Avogadro's hypothesis? How did Avogadro arrive at this 
hypothesis ? 

6. Explain clearly what you understand by molecular weight and 
Avogadro number ? What is the magnitude of Avogadro number? Is it a 
constant quantity ? 

T. State Gay-Lussao’s law relating to the volume of a gas, 


x—3 
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8, What is the distinction between ап atom and а molecule ? 
9. What are absolute scale of temperature and absolute zero 7 
10. What is the relation between absolute scale and celsius scale ? 
11. The temperature оп a day is 27°C. What is it on the absolute scale? 
[ Ans. 800*k ) 
12, Certain statements are made below. Make necessary corrections 
wherever you find fault in the statements $ 
(i) One of the characteristics of a gas in comparison with liquids is that 
volume of a gas does not undergo any change due to changes in the 
pressure and temperature, 
(ii) Equal amount of heat causes equal volume expansion, like solids, 
in all gases. 
(ii) Gases can exert pressure due to the mobility of its molecules. 
(iv) Temperature remaining constant, the volume of a certain mass 
gas increases due to the increase of its pressure and vice-versa. 
(v) Pressure remaining constant, the volume of certain mass of 888 
increases or decreases by a certain fraction of its volume due to 1%0 rise OF 
fall of its temperature. 


of & 


(vi) Under the same condition of temperature and pressure, equal volumes 
of &ll gases contain equal number of atoms. 
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CHAPTER ONE 
SOUND 


"ГІ. Introduction: 


Everyone of us has some idea as to what ‘sound’ is, 
We hear various sounds everyday. Sound of moving 
vehicles, sound of people talking to each other, sound of 
‘water falling from the tap and thousands of other sounds . 
teach our ears daily, From our everyday experience of 
stich sound, we are acquainted with some preliminaries of 
it. For example, we know that some sounds are sweet to 
hear and some are harsh. Sound of musical instruments, 
of rivulets, etc, are pleasing but sound$ of moving carria- 
ges, machines, etc, are not so, In discussing sound in 
this chapter, we shall come to know some other important 
facts about it, : 

It is to be always remembered that like heat, light, etc, 
sound is also a form of energy. Like all other energies, 
sound is not visible to us. It produces a sensation of 
hearing when it reaches our ears, 

1'2. Sound is produced by vibration : 

Every sound is found to originate from a vibrating 
body. If you strike a brass bell you will hear a sound and 
if you touch the bell you will feel that it is vibrating. Ifa 
brass vessel falls on the floor, it produces a loud sound and 
if the vessel is touched it will be found to be vibrating, 
Sound cannot be produced without vibration, 

Thus, sound is a peculiar sensation produced in the ear 
by vibration of bodies when the energy of vibration is trans- 
‘nitted to the ear through a certain material medium, 

The following simple experiments may be done in a 
laboratory to demonstrate that vibrations are necessary 
for the production of sound, 
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Experiments : 

(1) With the help of a tuning fork: A tuning fork 
(Бір. 1) has two hard steel prongs bent in the form of U 
with a handle attached to it. It is mounted опа hollow 
wooden box. When any of the prongs is struck gently 
with a padded hammer, the prongs vibrate and a sound is 
produced. If a suspended pith-ball be brought in contact 
with -one of the prongs of the 
fork, the ball will be kicked away 
repeatedly as in Fig. 1. This 
demonstrates that the prongs of 
the fork vibrate while the fork 
produces a sound, If the prongs 
be now touched with the finger, 

the fork will stop vibrating and 

the sound will also be stopped. 
(2) Stretch a metallic string 

tightly between two points and 

pluck it at its centre. A sound 

will be produced and at the same Fig, 1 

time, the string will vibrate rapidly as evidenced by ite 


hazy appearance (Fig. 2). If a small paper rider be 
placed on the string, 


the rider will Фе 
thrown away. "This 
shows that the string, 
owing to its state of 
vibration, is producing sound. 


1:3. Necessity of a material medium for propagatio” 
of sound : 


Fig, 2 


For propagation of sound, a material medium (solid 
liquid or gas) is necessary, Sound cannot travel throu 
a vacuum, If there be no material madium, sound W 
not Teach onr ear and we will not hear any sound. 147 

Experiment : An electric bell is suspended in а bell 
which is placed on the receiver of an exhaust p 


| 
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[Fig. 3]. When the bell-jar is full of air and the electric 
bell worked, the sound can easily be heard. Now, with the 
bell ringing, if the air is gradually pumped out, the sotd 
becomes fainter and fainter until it is inaudible although 
the hammer can still be seen striking the gong. 


If the air be readmitted, the sound becomes louder.once 
more, 


This experiment, therefore, shows that a material 
medium (air in the above experiment) is necessary for the 
propagation of sound, 


Sound can also travel through solids and liquids. If 
the ear is applied to one end of a long table while someone 
lightly scratches the other 
end, the sound of the scrat- 
ching will be plainly heard 
though it may be inaudible 
when the ear is removed 
from contact with the table. 
The sound of an approaching 
train is audible at a long 
distance away if the ear is 
brought in contact with the 
line The toy-telephone pre- 
pared by children by faste- 
ning two match boxes at the 
ends of a long cord is also 

an example of propagation of 
sound through solids, 

The sound of clapping Fig. 3 
under water сап be picked up at some distance away by 
another man dipping in water, while the sound may not 
be audible from outside. 

' When rain-drops fall on a sheet of water, the sound is 
not heard from outside. Butifaman dips in the water, 
he will clearly hear the clattering sound of rain-irops. In 
this case, sound is transmitted through water. 
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About three hundred years ago Von Guericke, the 
Prussian scientist, found that fish were attracted by the 
sound of a bell rung under water and therefore, concluded 
that sound could travel through water as well as through 
air, In recent times, fishermen are using transistor 
“Beepers” which when lowered into water, are found to 
attract fish by producing sound. 
14. Propagation of sound : 
Let us now enquire as to how sound is propagated 
through a medium. 
Suppose sound is coming from a vibrating tuning fork. 
The layers of air in front of a prong are shown in Fig. 4(i), 
when the prong is not vibrating. In this case, the 
layers are undisturbed. When the prong vibrates and 
: Moves to the extreme right position b, it compresses the 
air layers in front of it, Owing to its elasticity this layer 
will try to expand again and in so doing will compress 
the next layer to the right and so on. "The distance 
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Fig. 4 
between the layers, thus, decreases, This state is called 
condensation or, compression [Fig. 4(ii)]. When the prong 
moves to the left it will relieve the pressure on the layer 
immediately to its right and the layers become rarefied. 
- This state is called rarefaction [Fig. 4 (iii)], In this way 


(ii) 


[o 
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compressions and rarefactions are formed as long as the 
fork vibrates and they travel in all directions in the air 
keeping their relative positions unchanged. When they 
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reach our ears, we hear sound. How sound waves 
produced by a bell travel in all directions are shown in 
Бір. 5. 

15. Velocity of sound : 

You must have noticed that a thunder clap is usually 
"heard a few seconds after the lightning flash is seen: Asa 
matter of fact, both happen simultaneously. It shows that 
sound takes some time to travel from the cloud to the earth, 
while light does not, because light has the tremendous 
speed of 1,86,000 miles per second and covers up the 
distance ina twinkling of an eye. Consequently, flash is 
seen as soon as it is produced but the sound takes some 
time to reach the observer. In watching a cricket match 
from a distance, the sound of the bat hitting the ball is 
not heard until a short time after the batsman has been 
seen to make his stroke. When a distant train whistles, 
sound is heard some time after the smoke is seen. From 
these illustrations, we may say that sound requires some 
time to cover up a distance i.e., the sound has а definite 
velocity. Experiment shows that the velocity of sound in 
air at 0°C is about 332 metres per second or 1120 ft/sec 

Some French scientists carried out an experiment to 
determine the speed of sound in open air in 1822. They 
engaged two observers in two hills about 18 miles apart. 
One fired а gun and the other timed the interval between 
seeing the flash and hearing the sound with the help of 
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a stop-watch. If the time-interval be “ and the 
distance between the observers S, then, the velocity of 
sound у-2. 
Allowance has to be made for two reasons, viz., (i) wind 
effects and (ii) personal equation of the observer, 
Example: The distance between two observers A and 
В is 7968 metres. Wind is blowing from А to В. When 
A made a sound, B heard it 20 seconds later, When B 


made a sound, A heard it 30 seconds later, Calculate the 
velocity of sound, 


Ans. Suppose, the velocity of sound — y metre/sec. and 
the velocity of wind =v metre/sec. If wind blows from A 
to B, the effective velocity of sound in that direction —(V +») 
metre/sec, If sound takes 20 seconds to travel from A to 
B, then, 

(V +v) x 20=7968...... (i) 

Again, the efective velocity of sound in the direction 
from B to A=(V—v) metre/sec, If sound takes 30 seconds 
to travel the same distance in that direction, then, 

(V —v) x 30=7968...... (ii) 

From the equations (i) and (ii), we have, 


7968 

Vine тт 

_ 7968 

and V EET 


7968x5 
Adding, 2V —7968 (2+1) RENS 


. 7968x5 
~ 2x60 
1'6.. Effect of density, pressure, temperature and 
humidity of a gas on the velocity of sound through it : 
li) Effect of density: The velocity of sound through 
а gas is inversely proportional to the square root of the 
density of the gas. Thus, the density of oxygen is 16 
times that of hydrogen ; hence the velocity of sound - 


Slay =832 metres/sec, 
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through oxygen is % the velocity of sound through 
hydrogen, 

Gi) Effect of pressure: It may be proved that change 
of pressure of a gas does, in no way, affect the velocity of 
sound in it. For example, if the velocity of sound in air 
at UC and 76 сш. of mercury pressure be 332 metres/sec. 
then, the velocity of sound will remain same whatever be 
the pressure provided the temperature remains at 0°C. 

(iii Effect of temperature : It-has been seen that 
the velocity of sound in a gas increases if the temperature 
of the gasis increased. If V, be the velocity of sound in 
a gas at 0°C, then at #°C, the velocity of sound will be 
V,=V> (14-:00188x7); we know at 0°C, the velocity 
of sound in air V,=332 metres/sec. Hence, at PC, the 
velocity of sound in air is j 

V , =382(1-+'00183 x £) -(392:-06М) metres/sec. 

It may, therefore, be said that for each degree centi- 
grade rise in temperature, the velocity of sound in air 
increases at the rate of 61 cm./per sec. . 22 

(iv) Effect of humidity : The velocity of sound in a 
gas increases with the increase of humidity of the gas. . 


17. Reflection of sound : 

You have seen reflection of light by a mirror. In this 
respect, sound also behaves in the same manner ie., by 
suitable reflectors, sound can be reflected like light. Reflec- 
tors, in the case of light, should be very smooth. But for 
sound, the reflectors may be rough. That is why brick wall 
ofa building, rows of trees, mountains, etc, may act as 
sound reflectors. 

Experiment : Two metal or cardboard tubes A and В. 
are set up, inclined to each other in a horizontal plane 
and pointing towards а vertical flat surface C of any hard 
material, e.g, 4 wooden board (Бір. 6. А ticking. 
watch is placed near the end of the tube A and the ear is 
placed to the end of the tube В. Sound waves pass down 
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the tube A, get reflected by the board C and enter into 
the tube В. The loudness -of ` 
the sound heard through the 
tube B is maximum when the 
tube B is so adjusted that the 
axes of the two tubes make equal 
angles with the normal CP е5 
ZPCA=ZPCB. It shows that 
Sound rays are reflected in the 
Same manner as the light rays 
and they obey the same laws of 
teflection, The wooden partition P Fig. 6 


Placed between the two tubes prevents sound from reaching 
the ear directly, 


1:8. Practical application of reflection of sound : 
(i) Before the advent of mic: 


sensible diminution in inte 


(ii) For communication of 5 


peech between the driver 
and the passenger, large automo 


biles are provided with 


Fig. 7 
dong tube, called ‘speaking tube’ [Fig. 7]. Ifa sound is 
made at one end of the tube, the sound-waves will travel 
down the tube by the process of multiple reflections and 


‘will reach the ear at the other end of the tube, 


(iii) Doctor's stethoscope is nothing but a speaking 
tube of the above nature. It consists of a conical face with 
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а diaphragm at one end of the tube and a bifurcation. at 
the other end. When the conical face (now-a-days, it is. 
made flat) is pressed against the chest of a man, the 
throbbing of heart sets the diaphragm into vibration and 
the sound is carried along the tube to the ear. 

The gramophone horn, the ear-trumpet used by deaf 
persons, etc. utilise the reflection of sound in their operation. 


1:9. Echoes: An echo is the repetition of sound caused 
by reflection from some distant obstacle. Thus when a sound. 
is produced near a hill or a row of building, an echo is. 
generally heard. 


A clear echo cannot be heard unless the reflecting: 
surface is at more than acertain minimum distance from 
the place where the original sound is made. This is due 
to the fact that the effect of a sound persists in the ear for 
some time and if the echo reaches the ear in that period it 
merely seems to prolong the sound and is not heard 
separately, The sensation due to a short sound persists 
for about 74; second and is known as presistence of hearing.. 
In that time sound can travel 112 ft., if the velocity of 
sound is taken as 1120 ft/sec, That is, the sound could go. 
to a surface 56 ft. away and return intime. Thus clear 
echoes will not be heard unless the reflecting surface is at. 
a distance more than 56 ft. from the source of sound, ‘That. 
is why, we do not hear echoes when a sound is made ina 
room of ordinary size. 

Ifa sound is made between two reflecting surfaces, the 
sound waves may be reflected from one to the other a. 
number of times causing an echo each time they pass the 
listener. 

"This is frequently observed in wide valleys with almost 
parallel cliffs on each side. Near Verdun in France there 
are two parallel towers at a distance of about 164 ft, Any 
sound made between the towers will have at least 12 echoes 
produced in succession. Rumbling of cloud is produced 
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due to multiple reflections of sound by clouds at different і 


levels. н 
If the reflecting surfaces are near enough to each other, 


the echoes will not be heard as separate sounds, but owing’ 


to persistence of hearing they will seem to be continuous 
' with original sound’ and give the impression of a long 


drawn out sound having been made, This is referred to as: 


reverberation. Reverberation is particularly noticeable in 
large halls and churches where multiple reflections of sound 
occur from walls, roof and floor, Tapestry, wall cushions 
and curtains in a room help to deaden the reverberation by 
absorbing sound waves. 

1:10. Echo depth-sounding : 

The depth of a sea can be found by employing sound 
echoes, For this purpose a submerged hydrophone—an 
instrument for recording sound wave in water—is 
placed near a small underwater charge cf explosives. 
When the charge is fired, the direct sound of the 
explosion is heard through the hydrophone and 
2 little later the echo of it from the sea-bed is heard, 
the interval between the two sounds being electrically 
recorded. If the time-interva] be t and the velocity 
of sound in sea-water V, then the total distance 


travelled by the sound-wave in that time is V.t. Hence, 


the depth of the sea ‘d’ is given by, 
а=“? 
2* 

Another device based on the same principle is the 
Asdic, which was used iu time of war for locating enemy 
submarines, It consists of a sound transmitter attached to 
the bottom of a warship. It is kept rotating continuously 
so that the sea is swept over ‘a complete Scie Any 
submarine or even a mine which happens to be within the 
range of sound waves will reflect the waves back to the 
ship. Here, the recording apparatus automatically gives 
the range and position of the submerged object. 
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It is important to note that the soünd impulses sent 
out by Asdic have a frequency of the order of 50,000 cycles 
per sec. High frequency waves of this type are said to be 
ultrasonic (see Art. 1°11), as they are not audible to human 
ear. In this connection they have a twofold advantage. 
First, they cannot be confused with engine noises or other 
sounds made by the ship. Secondly, very high-frequency 
waves can be confined to a very narrow beam and hence 
can penetrate sea-water to large distances without 
appreciable loss of energy. 

Examples : (1) A boat approaches a high vertical cliff. 
‘When the anchor is dropped, an echo is heard 2 sec. later, 
How far is the boat from the cliff? (Velocity of sound= 
332 metres/sec.) 

Ans. Total distance travelled by sound in 2 ѕес=2 х 332 
=664 metres, For an echo, the sound must go to the cliff 
and return through the same distance. Therefore, the 


distance of the cliff 554—332 metres, 


(2) In measuring the depth of an ocean, it was found 
that the sound of an explosion and its echo by the bed had 
a time-interval of 10 sec, between them. What is the depth 
of the ocean ? (Velocity of sound in water=4716 ft/sec.). 

Ans. ‘Total distance travelled by sound in 10 sec, 

=10x.4716 ft. 


10x 4716 e __ 10x 4716 
2 `` 2x3x1760 


-4і miles (nearly) 


mile 


-. the depth of the ccean— 


1:11. Musical sound and noise : 
We hear various sounds every day, of which some 
appear to be pleasing while others are not. In that respect, 
` musical sounds шау be said to be those which produce 
pleasing sensation in our ear and noise to be those which 
Produce unpleasant or harsh sensation, It has been found 
that musical sounds are caused by bodies undergoing regular 
vibrations, such as musical instruments. On the other 
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hand, noise is caused by irregular disturbances such as 
explosions, scratching, etc. 


Musical sound has three important characteristics, viZ.» 
(2) loudness, (4) pitch and (iii) quality. 

Loudness: Suspend a pith ball by a thread from ә 
stand near the end of a prong of a tuning fork as shown im 
Fig. 1. Now set the fork into vibration by striking it 
gently with a padded hammer, Listen the sound and note 
the maximum distance to which the pith-ball is kicked 
away when it is made to touch the prong. Now stop the 
vibrations of the fork by touching it with finger. Again 
strike the fork harder, Note the sound emitted and the- 
maximum displacement of the pith-ball. 

You would see that the sound in the second case was. 
louder tham in the first and the displacement of the pith- 

` ball was also larger in the second case, From this we may 
conclude that the loudness of sound depends upon the 
magnitude of displacement referred to above, whichis known 
as the amplitude of vibration, It is proportional to the 
Square of the amplitude. 


The loudness of sound also depends upon the following 
factors : : 


(0. Size of the sounding body: If the size of the 
sounding body be bigger, it will set larger quantity of air 
surrounding it into vibration and this will increase the 
loudness of the sound. 

(ii) Relative position of the sounding body and the 
recipient: The intensity of the musical sound is found 
to vary inversely as the square of the distance between the 
source and the recipient. А i. 

(44) Density of the medium: The more is the density 
of the medium surrounding the sounding body, greater 

will be the intensity of the sound produced. 

(iv) Direction of the wind : The intensity of sound 
is modified by the direction of the wind. 

(v) Neighbourhood of а resonant body: A tuning 
fork made to vibrate in air cannot produce an audible: 
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sound but when it is vibrating in contact with a sound- 
box, the sound produced is louder, ` 
Pitch: Pitch is the position of a note in the musical 


scale and it depends upon the frequency of vibration of the 
source. We speak of notes of high pitch whose frequencies. 


are large and of low pitch whose frequencies are low. 
` Fig. 8 shows a metallic toothed wheel capable of rota- 
ting in a horizontal plane. A hard card is held lightly 
against the teeth of the wheel. If the wheel be now rotated 
ata uniform rate, à sound) will be produced., Note the 
pitch of the sound. Now rotate the wheelat a greater 
speed. Note that a sound of higher pitch is produced. 
When the wheel rotates at a greater speed, the card is 
struck more frequently 
and the frequency of the 
sound increases, thereby 
taising the pitch of the 
sound. We, therefore, соп- 
clude that pitch of a sound 
` is proportional to the fre- 
quency of the sound. 
Human ear responds fo 
sound frequencies between 
20 and 20,000 vibrations/sec. Fig. 8 


When you move your hand 
back and forth, no sound is heard because the vibrations 


are not fast enough to produce sensation of sound. The 
sound of human voice lies between the range of 60 and 
13,000 vibrations/sec. 

Quality: Ifa particular note on the musical scale is 
played on, say, a piano and a sitar, it is easy to distinguish 
the tone of one instrument from that of the other although 
their intensities are equal. The two tones are said to 
differ in quality. 

Generally speaking, musical 
produce tones which are pure in 


X—4 


instruments do not 
the sense that they 
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consist of single frequencies only. -In the majority of 
cases they consist of several different frequencies blended 
together. The strongest audible frequency present in the 
tone is called the fundamental and gives the note its 
characteristic pitch. The other frequencies are called over- 
tones and these determine the quality of the sound. Quality 
is richer if the number of overtones present is higher. 

1:11. Ultrasonic waves and their applications : 

It has been mentioned before that the frequencies of 
audible sound rauge between 20 and 20,000 vibrations/sec. 
Those sounds whose frequencies are lower then 20 vib./sec. 
are called subsonic sound waves and those having fre- ” 
quencies higher then 20,000 vib./sec. are, called ultrasonic 
waves. Ultrasonic waves, though inaudible to human 
beings have many useful applications. 

Duriug the First World War, ultrasonic waves were 
applied to locate the position of submarines. One of the 
characteristics of these waves is that like light, they travel 
in straight lines, When directed in water, these waves 
travel inside the water in straight line and are bounced 
off, like light, by an obstacle in its path. In this way, 
the submarines were located. Now-a-days, these waves 
are employed for depth soundings. 

Ultrasonic waves are now being used by fishermen. 
It has been found that fish air-bladder can reflect ultrasonic 


and by the reflected waves the depth and the 


waves 
ls of fishes are moving can be 


direction in which shoa 


ascertained. 
Ultrasonic waves have dangerous effects on bacteria. 


For this reason, these waves are employed for sterilization 
of drinking water, milk and other food stuffs, i , 
Medical science has utilised ultrasonic waves in various 
Some substances which are ordinarily insoluble 
an be made soluble by ultrasonic waves For 
bor is insoluble in water, and as such it 
nto human bodies directly. Asa" 


ways- 
іп water, с 
example, camp s 
canuot be injected 1 


| 
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emulsion, it may be injected but that is dangerous to 
human life. For this reason, they are made soluble by 
ultrasonic waves and then injected. into human bodies, 
Besides, the ultrasonic waves have been found useful in the 
preparation of a number of medicines. 

Recently, it has been found that dirty linens cin be 
easily cleaned by ultrasonic waves. In this way, ultrasonic 
‘waves are now-a-days being applied in industry, pure 
science, medical science and in various works of our daily 


life. 


Exercises 

1. ‘Sound is produced by a vibrating body'—explain with suitable 
illustrations, 

2. Can sound travel through a vacuum? How can you give experimental 
evidence in support of youranswer? Will the sound of an explosion on the 
‘earth be audible in the moon ? 

8. Explain how sound is propagated through & gaseous medium ? 

4. Answer the following questions : . 

(а) Тһе sound of an approaching horseman can be heard at в long dis- 
tance away if the ear be kept in contact with the ground but no sound is 
heard if the ear be kept above the ground, Why ? 

(b) If there be any leakage in the underground water-pipe how can it be 
detected from above the ground ? 

(c) It one end of a long, hollow iron pipe be struck with a hammer, two 
Sounds are heard at tho other end. Why? 

(4) Why does an interval occur between the flash and the sound of a 
thunderclap ? 

(c) Why does a tumbling sound occur after a loud report of the cloud 7 

5. How would you determine the velocity of sound in open air? Will it 
remain same in summer and in winter 7 

6. State how the velocity of sound in a gas is affected by density, 
Pressure, temperature and humidity of the gas ? 

7. The sonnd of a cannon fire is heard 6 seconds after the flash was seen, 
How far was tho listener from the cannon ? Velocity of sound —1120 ft./seo, 

(Ans. 6720 ft.] 

8. Two observers А and В are standing in open air 1 mile apart, 
When А fires а gun, B sees tho flash and 6 seconds later hear the report 
OË the gun, Caloulate the velooity of sound in alr, (Апв. 1056 ft.[seo.] 
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9. Describe an experiment to show that sound, like light, can be 
reflected. 
10. What is an echo? What is the minimum dietance of the reflector to 
produce ап echo? How is depth-sounding made with the help of an echo 7 
11. Standing in front of a cliff, a person heard the echo of a sound 2 
seconds later than the original sound. How far was the person from the 
сій + Velocity of sound in air=820 metres[sec. [ Ans. 920 metres | 

19. Describe some applications of multiple reflections of sonnd. 

18, What is the difference between a musical sound and a noise % 

14, A very high pitch note is heard when the teeth of a saw meet в log 
of wood but the pitch falls as the saw cuts into the wood. Why ? 

15. What is the range of audibility ? What aro the sounds of frequencies 
higher than the highest range of audibility called? What are their practical 
applications ? 

16. А few questions are set below. Put N against those whose answers 
aro ‘no’ and Y against those whose answers are “yes”, 

(i) Can sound travel without material medium ? — 
(ii Should a reflector of sound be very smooth ? — 
(iii) Can sound travel through solids and liquids ? — 
(iv) Oan the reflector be placed at any distant from the source to 
produce an echo ? — 
(v) Is the pitch of sound proportional to its frequency ? — 
(vi) 15 the velocity of sound equal in day and night? — 
(vii) Will the velocity of sound be equal in.all gases ? — 
(viii) Can we hear sound of all frequencies 7? — 


CHAPTER TWO 
ELECTRIC CURRENT 


2:1. Sources of electric current: 

The age we live in to-day may be called the age of 
-electricity. In our everyday life, we take) the help of 
electricity at various stages. Contributing much towards 
the industrial development of the country as well as human 
comforts, electricity is, now, intimately connected with our 
life. Asa matter of fact, the industrial progress of a 
country is, to-day, gauged by the amount of electric power 
it consumes, 

There are two ways for producing a steady electric 
-current : (i) by electric cells and (ii) by а dynamo. 

Blectric cells are used to supply current in a small 
scale, For this reason, they are widely used for various 
"works in laboratories. But for large scale supply such as 
“power supply in towns, factories, etc, dynamos or genera- 
'tors are convenient. 

222. Current and current strength : 

A steady current flows through a conducting wire when 
it is connected to au electric cell. This flow of electric 
«current is, in many Ways, similar to the flow of water 
ithrough a pipe. Ifa pressure difference at the ends of the 


Wire 


Electric current 


қ Fig. 1 
‘pipe be maintained constant, the flow of water becomes 
steady (Fig. 1) and the amount of water flowing past any 
section of the pipe in 1 second measures the strength of 
-water-current, If, for example, 50 gms. of water flow past 
any section of the pipe in 10 seconds, the strength of 


water-current=50=5 gms./sec. In the same way, when 
electricity flows through а wire in a steady rate, the 


-amount of electricity flowing past any section of the wire 
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in 1 second, measures the current strength in the wire- 
If Q amount of electricity flows across any section in £ secs, 
then current strength J -2. i 

2:3. Electromotive force of а cell: 

Before taking up what electromotive force is, we shall 
discuss a little more about the similarity of electric current: 
іп a wire and the water-current ina pipe, because it will 
help us to understand the subject fully. 

Suppose there is a tank at a height of about 10 ft, from 
a water-reservoir and they are connected together by 
several pipes, one after another (Fig. 2.) With the help- 
ofa tap inthe pipe, flow of water іп the pipe may be 
Started or stopped, There is also a pump which can take 
water from the reservoir to the tank. The capacity of the 
pump, let it be assumed, is just sufficient to raise water to 
a height of 10ft. and not more than that. If, now, the tap 
be opened and the pump started, it will be seen that water ' 
is flowing down the pipe from the tank to the reservoir 

from опе side while om 

AS Вет the other side water is- 
being raised from the 
| tank ie, water-flow is: 

taking place conti-: 
nuously along the 
whole path which is- 
known as the water 
circuit. Water is com- 
ing down from the 
tank to the reservoir 
becátise there isa level 
difference of about 10ft- 
between them. If 
i the: level difference 
Fig. 2 could be increased, 

keeping the length of the pipe same, then, the strength 


Level Difference 
70° 
IT 16, TTT 


< 
1 
! 
Н 
1 
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of water current would be increased. For example, with- 
out using any extra pipe, if the bent pipes be straightened 
and the level-difference be made 20 ít., the strength of water 
current along the pipe would be doubled. The flow of 
water in the pipe is, in this case, steady because the level 
difference between the-reservoir and the tank is maintained 
by pumping water from the reservoir to the tank, From 
this discussion, it is clear that the strength cf water current 


depends upon the level difference. 
Same thing happens in the case of electric current. 


When electric current flows 1n а circuit, its strength 
difference of electric levels at the two 
n the science of electricity, the electric 
In the case of flow of > 


depends upon the 
ends of the circuit. I 


level is known as electric potential. 
the level difference was maintained by a pump. 


in the case of flow of electricity, the potential 
difference can be maintained by an electric cell. As soon 
as the tap in the water-circuit is opened, water begins to 
flow down from the tank and the pump starts working ; 
Similarly in the electric circuit, when the key is closed, 
current starts flowing in tbe circuit'and chemical reaction 
starts in the cell, In this connection, it may be mentioned 
that ав water flowing through the pipe gets some - 


resistance, so electric current flowing in а circuit also 
known as the resistance of the 


water, 
Similarly, 


faces some resistance 


circuit, 
It may, therefore, be said that potential difference js 


responsible for the flow of electric current in a circuit. 
This potential difference is known as the electromotive 
force, abbreviated as Е. M. F. of a cell. 

2-4, орн e Moi s Lit ЖЕ oed 1820 CC: S. Ohm, a 


teacher of Physics at Cologne, established a law connecting 


the current passing through 2 conductor and the potential 


difference between the ends of the conductor. Itis known 
as Ohm's law. ‘The law may be stated as follows : 
Temperature and other physical conditions remaining 
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same, the current passing through a wire is proportional to 
the potential difference between its ends, 

Suppose AB isa conducting wire (Fig. 3), The current 
through it is J and the potentials at the ends A and B are 
Va and Ур respectively. Then, according to Ohm’s law, 

(Va—Vs)o 1 
So, if the temperature and other physical conditions 


(such as length, cross-section, etc.) of the wire be kept . | 


ЛЕРІ алыу AB у 
R 
Fig. 3 ` 


unaltered, then, with the increase of its potential difference 
(Ул V5), its current J will increase and vice versa. 

Now, we can write, (VA— V )=R.I [R —a constant] 

Уһ Ув 
| HREN 

The constant R is called the resistance of the conductor 
and it is the ratio of the potential difference (p. d.) across 
it to the current flowing through it. 


2:5. Resistance: Тһе term ‘resistance’ is very impot- 
tant in electricity and requires detailed discussion. Its 
significance will be clearly understood if we take up the 
analogy of water-flow through a pipe as mentioned іш 
art. 2:8, 

We have seen that water flows through a pipe if there 
be a level difference at the two ends of the pipe. If, now 
the pipe be made wide or narrow or the length of the pipe 
increased or decreased, keeping the level difference always 
constant, will the flow of water change? It is needless (0 
say that flow of water does depend upon the cross-section 
and the length of the pipe. If the cross-section is increased 
ie, for a wider pipe, the strength of the current increase? 
but for a pipe of longer length, the strength of water 


[ 
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current decreases, In other words, we сап say, wider pipe 
offers less resistance but longer pipe greater resistance to 


the flow of water. 
Same thing happens in the case of electric current in a 


wire. The current strength in а wire depends upon the . 
cross-section and the length of the wire, when the p. d. is 
kept unaltered. 

2:6, Factors upon which the resistance of a conductor 
depends : 

The resistance of a conductor depends upon the length, 
-the cross-section and the material of the conductor. 

(i) The resistance (R) of a conductor is proportional to 
its length (2) when the material and the cross-section are 
“ере unaltered ien Rel 

(ii) Тһе resistance (R) 
proportional to the cross-sec 
he material and the length are kept unalter 


onductor depends on the 
the length and the cross- 


of a conductor is inversely 
tion (A) of the conductor when 


; 1 
ed i-e., Re^. 


(iii) The resistance (В) ofa с 
material of the conductor when 
section are kept sinaltered- 


Thus, кей when both length and cross-section vary 


or, R= z^ [pa constant] 


the specific resistance or 


The constant p is known 25 
which depends upon the 


resistivity of the conductor 
material of the conductor. 

1f, in the above equation, We write 1=1 сш. and A= 
154. cm,, then p=R ohm-em. We see, therefore, that the 
resistivity of a material is numerically equal to the resistance 
of a conductor made of the material of length 1- ст, and area 
of cross-section 1 sq. ct. and is expressed in ohm cm, units. 

For example, resistivity of copper is 1°62 x 1075 ohm-em. 
means that a cube made of copper, having length, breadth 


748 ELEMENTS OF PHYSICAL SCIENCE 


and height each equal to 1 cm., has a resistance equal to 
1'62x 10:5 ohm. 


Of wires of different metals, having same length and 
cross-section, silver offers least resistance to current i.e., it 
has got the greatest conductivity. But silver being very 
costly, for common use, copper, a close second in respect of 
conductivity, is widely used. 


To prepare a high resistance, ordinarily special alloys 
like eureka (60% copper, and 40% nickel), manganin (84% 
copper, 12% manganese and 4% nickel) and nichrome (80% 
nickel and 20% chromium) are used. The resistance 
of eureka and manganin is about 25 times and that of 
nichrome €0 times the resistance of copper. 


2:7. Practical units of different electrical quantities : 


So far we have not mentioned any unit of electrical! 
quantities like current, potential difference, resistance, etc. 
The practical unit of current is ampere, that of potential 
difference volt and the ratio of volt to ampere—i,e,, the 
resistance of a conductor is expressed in ohme Besides, the 
Practical unit of a quantity of electricity is coulomb. Their 
definitions are as follows В 

(i) Current strength ; 


The practical unit of current, as mentioned before, is: 
ampere. 1 1 coulomb of electricity flows past апу sectiom 


of a conductor in 1 second, the current is said to have а. 
value of lampere. That is, 


Тап - О coulombs 
Lee Ё seconds 
о, Q-—Ixt, 


(ii) Potential difference and Electro-motive force : 


The practical unit of both is volt. Two points are said 
to have a potential difference of 1 volt when one joule of 
work is done in carrying one coulomb of charge from опе 
point to another, 
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(iii Resistance : 

"The practical unit of resistance is ohm. 
- volt 

1 ampere 

(iv) Quantity of electricity : 

The practical unit of a quantity of electricity is coulombe. 
One coulomb of electricity is taken to be that quantity 
which when passed through a solution of silver nitrate, 
will deposit, as a result of chemical action, ‘001118 gm. 
of silver on the kathode plate. 

2'8. Heating effect of current : 

The flow of electric current through a co 
produces heat, This is known as heating effect of current 
which has many practical applications. The light that we 
get from electric bulbs, the heat that we derive from electric 
heater and stove are all domestic uses of heating effect of 
current while electric атс, arc welding, electric furnace, etc- 


are industrial applications of it. 4 
Experiment: Set up an electric circuit as shown 3n 
Fig.4. Two cells are connected in series іе. the positive 


So RHEOSTAT 


1 ohm= 


nductor always 


ELECTRIC CELLS 


- Fig. ! t 
terminal of one is ennected to the negative terminal of 
the other, the free positive and negative terminals of the 


50 ELEMENTS OF PHYSICAL SCIENCE 


‘cells being connected to other apparatus of the circuit, 
"which include a key for starting or stopping the current, a 
“variable resistance (known as rheostat) for increasing ог 
decreasing the current strength and a piece of nichrome 
‘wire. The wire should be kept taught in open air. 

Place the movable slider S of the rheostat at the 
extreme left position. This includes the.full resistance of 
the rheostat in the circuit and keeps the current strength 

“minimum, Ifthe key be now closed, current will flow 
through the nichrome wire, Allowing the current to flow 
for some time, if the nichrome wire be touched with finger, 
it will feel hot, Now, move the slider S slowly towards 
tight. The current flowing in the circuit will slowly 
increase. The nichrome wire will be found to be more and 
‘more hot, Finally, it may be made red-hot. 

From this simple experiment we come to know that 
when current flows through a conductor, heat is produced. 
The law relating to the heating effect of current was first 
‘enunciated by Dr. Joule іп 1841, which, after his name, 
«came to be known as Joule’s law. 

279. Joule’s law : 


If a current I flows for a time ¢ through a conductor of 
‘resistance R, then Joule’s law of heating may be stated as 
follows :— 

The heat produced (H) in the conductor is proportional to, 

(i) the square of the current i.e., He I3 

(11) the resistance of the conductor i.e., H cc R 

(ii) the time for which the current flows i.e., Hot. 

Mathematically, Joule’s law may be expressed as 

Hel? Re 
Here, the expression I?.R.t represents the work done 
and H, the heat developed. From the well-known relation 
between the heat developed and the work done we can write, 
I2.R.£,— J. Н. [J=mechanical equivalent of heat.1] 


2 R4 
or, н= 72 ' 
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So far no units have been mentioned for current,. 
resistance or the heat involved. According to the practical 
units, if current (I) be expressed in ampere, resistance (R) 
in ohms, time (%) in seconds and heat (H) in calories, then 
we can write, 


H = 2840 х1?.Р.+ calories 
[ J=4'3 joules/calorie |. 


2:10. Action of current on a magnet: 

. When a current flows through a wire, it produces a 
magnetic field around the wire. It was first discovered by 
Oersted in the year 1820, when he observed deflection of 
а magnetic needle placed near a wire carrying a current, 
This is known as the magnetic effect of electric current, 
То demonstrate the magnetic: 


Oersted's experiment : : 
llowing experiment.. 


effect of current Oersted performed the fo 
AB is a straight, horizontal wire set along pont soutl. 
direction, through which current may flow (Fig. 5). Below- 
it is placed a freely 
pivoted. magnetic needle, 
Which will ordinarily 
Place itself parallel to 
the wire along north- 
South direction, ‘This 
position of the needle 
is shown . by dotted 
lines in the adjoining’ 
diagram (Fig,5) But 
as soon asa current is 
allowed to flow through the wite, the ne 
and sets itself at right angles to the wire. 


On further investigation, Oersted found that the 
direction of deflection was reversed ifthe current was made 
to flow in the wire in the opposite direction 4e, from B to- 
4 or if the wire was set below the magnetic needle. 


Fig 5 
edle gets deflected 
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This experiment, therefore, proves that electric current 
can produce a magnetic field because a magnetic needle is 
-deflected by a magnetic field alone. i 

Oersted's discovery made a great impact on the 
-progress of the science of electricity as very many electri- 
‘eal devices ranging from electric bells and telephones to 
powerful electro-magnetic cranes and motors were devised 
on the basis of this discovery. 

211. Rule for the direction of deflection of the 
needle : 

We have seen that the direction of deflection of the 
magnetic needle depends on the direction of the current 
апа also on whether the wire is above or below the needle. 
Tater Ampere gave a rule, called the swimming rule for 
determining the direction of deflection of the needle. 

Aanpere's swimming rule : 

Imagine a man swimming along the wire in the direc- 
tion of the current and 
facing the needle with 
si> arms outstretched. (Fig 
<< à 6); then the N-pole of 

5 4 the needle will be 
T 2 Fig 6 deflected towards his 
deft arm and the S-pole towards his right arm. 


212. Action of magnet on current : 

From Oersted’s experiment, we come to know that a 
current carrying conductor produces a magnetic field 
surrounding it. Ifa magnetic pole be placed in that field, 
the pole will experience a force of attraction or repulsion 
and will be deflected from its position, From the law of 
action and reaction, it follows that the magnetic pole will 
also exert a force on the conductor due to which the 
conductor will move towards or away from the pole, if 
free to move. This is known as the action of magnet on 


current, 
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Suppose AB is a straight conductor carrying a current 


in the downward direction, A 
The lines of force around it 2 
would have the direction as ! 


magnetic north pole placed “(7 = \ 
d P would tend to be driven eS 3" 
along a tangential direction SEE 2 / 
‘to the are PR. Since reaction de С 
1s opposite to action, if the қ 
poleat P is fixed and the wire 

AB free to move, the latter Fig.7 

will be driven in the tangential direction to the are OX. 
If the direction of the current in the wire AB be reversed, 
the deflection would also be reversed. 

From this, we conclude that if а current-carrying con- 
ductor be placed in a magnetic field of a fixed magnet, the 
conductor will experience a force. 

Direction of motion of the wire : 
rule : 


x 
Shown in Fig.7. Hence a aK 
CX 2 SON 


Fleming’s left-hand 


The direction of 
the mechanical force 
on the conductor is 
given by Fleming's 
lefthand rule. It 
may be stated as 
follows : 

Hold the thumb, 
first an d second 
ally at right angles. 
of the field and the 
it, the thumb will give 
ductor (hence of the 


Fig. 8 
ees of the left hand so as to be mntw 
If the first finger points to the direction 


peared in the direction of the curre! 
the direction of the force on the con 
motion) [Fig, 8]. 
213 Barlow’s wheel : 
a copper which 


It consists of a star-shaped wheel made nel i 
Sàn rotate in a vertical plane with its points dipping into 
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a pool of mercury kept in a groove on the wooden plat- 


form [Fig. 9). Withthe help- 
of two terminals, the current 
is led through the wheel and 
the mercury and finally to 
the battery which is connec- 
ted to theterminals mention- 
ed earlier. A magnetic field 
is set up at right angles to. 
the wheel-spokes by a U- 
shaped magnet as shown in 
the figure. When the switch. 
is closed current flows down 
Fig.9 the spokes dipping into the 
mercury and hence a force is exerted on it causing it to 
move in à direction given by Fleming's left-hand rule, 

If the current flows downward, the wheel begins to: 
move іп a direction as shown in the figure. As soon asa 
spoke moves forward, the next spoke due to inertia of 
motion, dips into the mercury and the same thing happens, 
This process is repeated with the result that the wheel 
rotates continuously as long as the current flows, Ifthe 
direction of current or that of the magnetic poles be- 
reversed, the wheel rotates in a reversed direction, too. 

2:14. Motor: An electric motor is a machine which 
converts electrical energy into mechanical energy. Тһе 
Barlow's wheel described in the previous article may be 
called a miniature motor because it produces mechanical: 
rotation at the expense of electrical energy. 

A motor consists of a rectangular coil of wire mounted 
on а spindle so that it can rotate between the pole-pieces 
of a strong permanent magnet. The coil is called an 
armature. The two ends of the armature are soldered 
respectively to the two halves of a copper split ring (P,Q), 
known as commutator, which can rotate along with 
the armature. Two carbon brushes are caused to press- 
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lightly against the commutator by means of springs and 


when these are connected 
toa circuit with a battery 
and a variable resistance, 
the coil rotates [Fig. 10]. 
The principle of action 
ofa motor is illustrated in 
Fig 11. Suppose the coil is 
im the horizontal position 
when the current is first 
switchedon Thecurrent will 
flow through the coil in the 
direction DCBA (Fig. 11 (i)] 
and suppose the segments P 


and Qare in contact with the 


Fig, 10 


Positive and negative terminals of the battery respectively. 
By applying Fleming’s left-hand rule, it will be seen that 


(i) Fig. 11 


(ii) 


the arm AB experiences an upward force and the arm CD 

downward force, These two forces form a couple which 
Causes the armature-coil to rotate about the Tine LL as 
axis in the direction shown in the figure until it reaches 
i © vertica] position, In this position the brushes touch 
he Space between the two segments ofthe commutator 


Phy, Se, X—5 
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and the current is cut off. Due to inertia of motion, the coil 
moves ра һе vertical and when this has occurred the two 
commutator halves automatically change contact from one 
brush to the other. This reverses the current through the 
armature and consequently also reverses the direction of 
forces оп the armature arms. The arm AB is now on the 
left-hand side with a downward force on it while the arm 
CD on the right-hand side with an upward force. The coil 
thus continues to rotate in the same direction as long as 
the current is passing. By increasing the current-strength 
and using a very strong magnet, the armature coil can be 
made to rotate with a great speed and the mechanical 
energy so derived can be utilised in various ways. 

In electric fans, tram cars, pumps, rolling mills, etc, 
electric motors are widely used. 


2115. Electro-magnetic induction : 


Ever since Oersted’s discovery in 1820, that magnetic 
field could be produced by an electric current scientists 
had been enquiring whether the reverse effect viz., produc- 
tion of electric current by magnetic field could te possible. 
Answer to their problem was provided by the noted 
inventor Michael Faraday. 

In the year 1831, Faraday performed a series of experi- 
ments which led to the discovery of electro-magnetic 
induction. He found that а momentary emf. can be 
produced in aclosed circuit by а magnet or by another 
current-carrying circuit, This e.m.£, is called induced e.m.f. 
and the effect is known as electro-magnetic induction. 

Transformers, generators, and other appliances 50 
much necessary for modern industries for generating and 
distributing electricity оп а large seale, are direct appli- 
cations of  Faraday's discovery of 


electro-magnetic 
induction. 


Current induced by a magnet : 


Wind 150 to 200 turns of insulated copper wire оп 2 
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cardboard tube a few inches long and about one inch in 
diameter. Keep the coil upright and connect the ends of 
the coil to the terminals of a sensitive galvanometer 
(Fig. 12). This instrument, by the deflection of its pointer, 
indicates the existence of a current in a circuit. 

Now, hold a bar magnet above the coil with its N-pole 
downwards. Insert this pole quickly into the coil and 
note that the galvanometer pointer gives a momentary 
deflection, Quickly withdraw the magnet from the coj] 


gem Д; 


Galvanometer 


Fig. 12 


and note that another momentary deflection, this time in 
the opposite direction, is registered. Also note that there 
is no deflection of the pointer if the magnet is simply 
allowed to remain at rest inside or outside the coil, 4 
Momentary deflection takes place only when the magnet is 
Moving, 

After much thought Faraday came to the conclusion 
that current was induced in the coil as a result of the wire | 
cing cut by the magnetic lines of force when the magnet 
moved, Another way of describing this phenomenon is to 
Say that an em f. is induced only when there is а change in 

the number of lines of force linked with the coil. 
Carrying out further investigation in this regard, 
3raday found that the strength of the induced current 
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depends on: (i) the number of turns in the coil, Gi) the 
strength of the magnet and (iii) the rapidity with which the 
magnet is inserted into or withdrawn from the сой. 

From all these findings Faraday finally established а 
law, known as Faraday’s law of electromagnetic induction’ 
which runs as follows : 

Whenever there is a change in the magnetic lines of force 
linked with a circuit, an electromotive force is induced, the 
strength of which is proportional to the rate of change of the 
lines of force linked with the circuit. 

It may be mentioned here that the experiments of 
electromagnetic induction described above may also be 
performed with a current-carrying solenoid instead of a. 
magnet, 

Lenz’s law: The law states that in all cases of clectro- 
magnetic induction, the direction of ihe induced current 
is such as to oppose the very cause to which it is due. 

Fig 12 illustrates the application of this law in the 
case of a magnet plunged into a coil. When the N-pole 
of the magnet is inserted into the coil, the induced current 
must flow in such a direction as to give N-polarity to the 
end of the coil facing the magnet. Since like poles тере!» 
the motion of the magnet is thus, opposed by the induced 
current, On the other hand, when the N-pole of the 
magnet is withdrawn from the coil, the direction of the 
induced current is reversed. The near end of the coil, now» 
develops a S-pole and since, unlike poles attract, tbe 
motion of the magnet is again opposed. 

216 Principle of a dynamo : 

Modern civilisation is entirely dependent on electi? 
power and for generation and distribution of electric powe 
on a large scale dynamo, is one of the essential machines 
There are two types of dynamos: (i) Alternator OT Ағ” 
dynamo which generates alternating current and (ii) D. С. 
dynamo which generates direct current. 
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А. C. dynamo : Fig. 13 illustrates the construction of 
a simple form of A. С, dynamo. The machine has a rectan- 
‘gular coil of wire, known as armature which is rotated in 
the magnetic field between the poles of a permanent 
magnet. This magnet is called the field magnet. The ends 
of the coil are connected to two slip rings mounted on the 
armature spindle. Current is led to the external circuit 
through two carbon brushes which are made to press 
lightly against the slip rings. 

For the rotation of the armature, 
used. In hydroelectric plants, the armature is rot 


‘the power of water current. 


In the experiments of electromagnetic induction 
er there is a 


Cescribed earlier, we have seen that whenev 
Telative motion between the coil and the maguet, a current 
is induced in the coil. The direction of the induced 
Current when the magnet is 
Plunged into the coil is 
hee to the direction of 
ee induced current when 
a Magnet is pulled out of 
UE coil, Ina dynamo when 
ТАТЫ peor ШЕ rotates, а 
n motion is set up 
ss *en the permanent 
8net and the armature 


oil or steam engine is 
ated by ` 


Oj x 
coil, due to which a current Fig. 13 ate 
lative motion will be 


1$ induced ҷа 5 uch re 
a Sintained us Rupe armature coil rotates and the 
nduced current will also continue to fow ^7 the armature 

any Eom during the rotation 0 
com, its arms, starting from t 

again es vertical and then goes to t 
urin and finally moves downward 

directi, ous full rotation алу arm шо 
On in one half of its rotation ап 


f the armature, 


5, 
ves in а patticular 


d in the opposite 
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direction in the other half. As a result, the direction 
of the current in one half of the rotation of the armature 
becomes reversed in the other half. In the external circuit, 
therefore, we will get alternating current. 


Exercises 


1. State Ohm's law and ех 
resistance. 


2. Explain the Practical unit; 
resistance, 
9. What is called electromotivo force of a сөй? What is its unit? 


4. What are tho factors upon which the resistance of эъ conductor 
depends ? What is specific resistance ? 


5. State Joule’s law in connection 
conductor by electric current, 

6. A small compass needle 
carrying wire is now placed о! 
itself? What change in the 
following casos :—(i) 
needle, (iii) the direc! 

State a rule in o 


Plain how it leads to the definition of 


8 of current, potential difference and 


with the development of heat ins 
Write an expression for the heat developed. 
is pivoted on а vertical stand. If a current 
ver the compass needle, how will the needle seb 
position of the needle will be observed in the 
the wire is above the needle, (i) the wire is below the 
tion of the current in the wire is reversed, 

Onnection with the deflection of the needle іп the above 


cases. 

7. What is the action ОЁ а magnet ona current ? Describe a suitable 
experiment to illustrate it, 

8 What is Fleming's left-hand rule Т In what connection is this rule 
applied ? 


9. The following Operations are 
whether any change will be observed in 

(i) The current is increased, (ii) tho direction of the current is reversedr 
(iii) the positions of the poles of the magnet aro interchanged. 

10. You are given в coil of wire, а ma, 
Describe how you would proceed to demo: 
magnetio induction with their help. 

11, State Faraday’s law and Lenz's]aw in conn 
magnetic induction. 

12. What is a dynamo? 


made in a Barlow'g wheel, Desorib@ 
its rotation s— 


БОЁ апі а sensitive galvanometerr 
nstrate the phenomenon of eleotro~ 


ection with the eleotro- 


How does it generate electricity ? 
13. Explain the working of an electric motor. What is tho differenc® 
between a motor and a dynamo ? 
14, А few questions, with their probable answers are Biven below. Po 
У mark against those answers which you consider most Teasonable : 
(0 Upon what does the strength of a current depend when it flows in ® 
wire? Ans, Potential difference, Tesistance, specific resistance, 
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(ii) Upon what factors does the resistance of a condactor depend ? 
Ans, Length of the conductor, its material, its cross-section, ths medium in 
which the conductor is kept. 

(iii) What is the practical unit of a quantity of electricity ? Ans. Ampere, 
Ohm, Coulomb, Volt, 

(49) Upon what does heat developed due to the current depend ў Ans. The 
Current strength of the conductor, its resistance, its potential difference, 
time. 

(0) What is that machine oalled which converts mechanical energy into 
electrical energy | Ans. Motor, Dynamo, Barlow’s wheel. 

(vi What is the basio principle of Barlow’s wheel? Ans. Electro- 
magnetic induction, effect of magnet on current, effect of current on magnet, 

(vii) Upon what factors does electromagnetic induction depend? 
dns. No, of lines of force linked with tho coil, the rate of change of lines of 
force, strength of the magnet. 


HAPTER THREE 


ELECTROMAGNET AND 
ITS APPLICATION 


3:1. Electromagnet : When a substance is magnetised 
by electric current, it is generally called am electromagnet. 
Nery porel ami Wie cleckromagnets sre used in fachories. 
A long, insulated wire wound over a cylinder made of 
SAME mmandang material, ah tern being perpus 
cular to the axis of the cylinder, is called a solenoid 
! (Fig. 1). When a current is passed through such a 


solenoid, magnetic poles, like those of a.bar magnet, 
develop at. the: two ends of the solenoid. It, then, 
behaves just like a bar- magnet, 
This happens cue to the 
magnetic effect ofan electric 
current. 


Solenoid 


Now, if a bar of soft iron 
be introduced in the solenoid 
through which a strong current 
is passing, the bar is found to 

Бір 1 be strongly magnetised. This 
is due to the fact that the current in the solenoid produces 
a strong magnetic field which, in turn magnetises the 
soft iron. The combination of the soft iron bar and the 
Solenoid is called an electromagnet, 

Advantages of an electromagnet over an ordinary 
Magnet : 

(i) By increasing or decreasing the current in an 
electromagnet, the strength of the magnet can be increased 
or decreased at will, Ordinary magnets do not have this 
advantage, 
(i) On withdrawal of the current 
ез almost all its Magnetism but 


ordinary magnet is nearly permanent. 

Gii) Тһе stren 
at will, b 
Ordinary 


, the electromagnet 
the magnetism of an 


los 


gth of an electromagnet can be varied, 
У varying the number of turns of the solenoid. 
magnets do not possess this advantage, 
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(iv) The poles of an elect 

ў 4 romagnet can be easil 
d e HIER the direction of the current Н 2 
ae e solenoid. Such reversal of i i 
ordinary magent is not possible. ТОЛЕ Ялған 


y 2 
(у) Electromagnets are, іп general, more powerful 


Shan ordinary magnets. 


Electromagnets in practical use : 
Tae ceatromagaats in weal m зм қалала) 
халде e salt хақ bent into a U-shape ASD and ч. 


SOR cad copper wire wound in opposite directions 
со ee Aone X SENE) opposite polarities on 
Deck e electromagnet. С 
copre eA e e 
T ioon omarai form 
like М parts of instruments T 
Бақ electric bel], electric fan, am E 
ay system, motor, dynamos, etc. 
i An electromagnet is often 
Oe factories tor lifting large 
"rum S ofiron or removing them 
RI place to another or for 
B Мая them into pieces first 
height ing them to a certain 
mex and then releasing them 
at height. Fig. 2 


C, 
Sici ) Glectromagnets are also used to sort out iron and 
cles from a mixture containing those substances 
with other non magnetic materials. 


(d) Physicians use electroma- 
gnets of special design (Fig. 3) to 
extract iron or steel splinters from 
the eye or other parts of the body. 

(e) Electromagnets are widely 
used in loudspeaker, telephone, 
etc. because the strength of its 
magnetism can be varied. by 
varying the current strength 
passing through it. 


64 ELEMENTS OF PHYSICAL SCIENCE 


3:2. Telephone system : 


By telegraph system, messages can be sent from one 
place to another with the help of a code known as “Morse 
code”. But in the field of communication, a revolutionary * 
change was ushered in by the discovery of telephone by 
Alexander Graham Bell in 1876. ‘Telephone can transmit 
the sound of human voice over long distances. 

In original telephone, transmitter and receiver were 
alike. Such an instrument is shown in figure 4. It 
consists of a U-shaped magnet formed by placing a short 
permanent bar magnet M across two ends of two soft iron 
bars P and Q. This is placed so that it exerts a pull ona 
springy magnetic alloy diaphragm A. Two solenoids are 
wound in opposite directions on the soft-iron bars, the free 
ends of which are connected to the line-wires. The 
diaphragm A becomes magnetised under the influence of 
the permanent magnet М When a person speaks in front 
of the diaphragm A, it is set into vibrations, Its movement 
changes the number of lines of force linked with the coils 
wound over P and Q and accor- 
ding to the Jaws of electro- 
magnetic induction a current is 
induced in the coils, Due to the 
presence of the soft iron rods i” 
the coil, the induction becomes 
very strong. The line wires catty 


m | this current to the coils of tbe 
receiver, which is exactly simila* 
Fig. 4 in construction as the trans 


mitter and a fluctuating magnetic field is produced betwee? 
the poles of the magnet and the diaphragm of the receive 
As a result, the pull on the receiver diaphragm varies an 
it vibrates reproducing the movements of transmitter a” 
hence the sound which caused it, 

Line-wires of all the telephones are conuected tO 5 
central office, known as ‘Exchange,’ When a person want? 
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to speak to another over the phone he asks the ‘operator’ 


attheexchange to connect 
him to the number ofthe 
other person. When the 
connection is made by the 
Operator, the two per:ons 
can hear the voice of each 
other through the "phone. In 


а modern telephone system Fig. 5 


ee connection is made automatically as the person in the 
ransmitting end dials the requisite number (Fig. 5). 


ғ The modern telephone receiver is almost the same as that 

of Bell, but the transmitter has undergone vast improve- 

ea and is, now, invariably a carbon microphone invented 
у Edison. 

3'3. Carbon microphone : 

En Bell telephone is not suitable as a transmitter for long 
ІС transmission as it produces very weak current an 

ence very weak sound. Edison’s discovery of the carbon 
eect ae made long distance telephony possible. Fig. 6. 
shows the construction of such a microphone. 

It essentially consists of two polished carbon discs A 
and B, placed at short 
distance apart, the space 
between them being 
filled with small carbon 
granules. The disc B 
is fixed and the disc 4, 
which is movable, is 
connected to a thin 
aluminium diaphragm. 
When the diaphragm 
moves, the disc A also 
moves. ‘The leads are 
connected to A and В 
а Fig. 6 which go up to the re- 
n ver end. Between the trausmitter and the receiver 

еге is a battery. 


Carbon granules 


CHAPTER THREE 


ELECTROMAGNET AND 
ITS APPLICATION 


3:1. Electromagnet : When a substance is magnetised 
by electric current, it is generally called an electromagnet. 
Very powerful and big electromagnets are used in factories. 

A long, insulated wire wound over a cylinder made of 
some non-conducting material, each turn being perpendi- 
cular to the axis of the cylinder, is called a solenoid 
(Fig. 1). When a current is passed through such a 
solenoid, magnetic poles, like those of a.bar magnet, 
develop at. the: two ends of the solenoid. It, then, 
behaves just like a bar-magnet. 
This happens cue to the 
magnetic effect of an electric 
current. 

Now, if a bar of soft iron 
be introduced in the solenoid 
through whicha strong current 
is passing, the bar is found to 

Fig 1 be strongly magnetised. This 
is due to the fact that the current in the solenoid produces 
a strong magnetic field which, in turn magnetises the 
soft iron. The combination of the soft iron bar and the 
solenoid is called an electromagnet. 

Advantages of an electromagnet over an ordinary 
magnet : 

(i) By increasing or decreasing the current in an 
electromagnet, the strength of the magnet can be increased 
or decreased at will. Ordinary magnets do not have this 
advantage. 

(ii) On withdrawal of the current, the electromagnet 
loses almost all its magnetism but the magnetism of an 
ordinary magnet is nearly permanent. 

(iii) The strength of an electromagnet can be varied, 
at will, by varying the number of turns of the solenoid. 
Ordinary magnets do not possess this advantage. 


Solenoid 
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(iv) The poles of an electroma i 
ў gnet can be easil 
ры Ъу reversing the direction of the current mcns 
У pace the solenoid. Such reversal of polarity in an 
rdinary magent is not possible. 
(v) Electromagnets are, in general, m 
2 > ; , more 

than ordinary magnets. E pru 

Electromagnets in practical use : 
A electromagnets in practical use, are generally 
AI о soft iron bent into a U-shape [Fig. 2], and having 
pun of insulated copper wire wound in opposite directions 
He де two arms. ‘This will develop opposite polarities on 

aa faces of the electromagnet. 

ectromagnets are used for a lar, i 

П 5 ge variety of purposes, 
Some of which are mentioned below :- Sr 


кА 4), Electromagnets form 

ui ntial parts of instruments 

Ike electric bell, electric fan, R5 ІҢ "i 
Telay system, motor, dynamos, etc. Ж 


c An electromagnet is often 
TED factories for lifting large 
fon S of iron or removing them 
YOUR place to another or for 
By rae them into pieces first 
height ing them to a certain 
i gat and then releasing them 
om that height. Fig, 2 
зо), Electromagnets are also used to sort out iron and 
icles from a mixture containing those substances 
with other non magnetic materials. 
(а) Physicians use electroma- 
gnets of special design (Fig. 3) to 
extract iron or steel splinters from 
the eye or other parts of the body. 
(e) Electromagnets are widely 
used in loudspeaker, telephone, 
etc. because the strength of its 
magnetism can be varied, by 
varying the current strength 
passing through it. 
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The front portion of the diaphragm is funnel shaped. 
Tt is called ‘the mouth-piece’ of the instrument, When a 
person speaks into the mouthpiece, the diaphragm moves. 
When the movement of the diaphragm and the disc А 
presses the granules together, the resistance of the circuit 
decreases, Outward movement of the diaphragm causes the 
granules to have only loose contact with one another and 
to increase the resistance of the circuit, The change of 
resistance of carbon granules with the change of pressure 
is a characteristic of carbon for which it is used in carbon 


microphone. Due to change of circuit resistance, the current 
supplied by the battery also changes. A fluctuating current 
‘corresponding to the movement of the diaphragm, is thus: 
transmitted to the receiver, which actuates the coils in the 
receiver and causes its diaphragm to vibrate similarly, 


Receiver Receiver 
Ss) Leads 1 i 


TOUS (TAN Его eT as 


eo eee Tangier 
Қы ee 


Fig. 7 


Fig. 7 shows a simple telephone circuit where the 
тесетует is a Bell telephone receiver and the transmitter is 
a carbon microphone. In a modern teiephone instrument, 
the transmitter and the receiver are both assembled in one 


Casing so that when held by hand, the mouth-piece of the 
transmitter remains 


near the mouth and the receiver 
mear the ear, 
А Exercises 
+ What is an electroma net?  Descri its di i 
a nalural or an 2580 Pd 7 scribe it. What is its difference with 
3. What will 


оп do to i 
what purposes ig it used ? Baie алша алп electromagnet ? For 


8. Is the wire in the arms of a U shaped electroma 


directions ? 
naan: eta d ? Can the strength of the cle 


4. What is a tele; 


gnet wound in opposite 
ctromagnet be increased 


phone ? Describe a telephone тесе 
ы f р eiver. 
SIE ce what purpose is a carbon micro 


h 1 
€ carbon granules in a carbon id ‘oad НА а I 


— 


CHAPTER FOUR 
CATHODE RAYS AND X-RAYS. 


41. Electrical conductivity of gases : 

Under normal conditions of atmospheric pressure and. 
temperature, most gases are found to be good insulators, 
ie., they conduct practically no electricity. Normal air, 
for example, is almost a perfect non-conductor of 
electricity, but for which the study of electrical pheno- 
menon would have been an impossibility. All the same, the 
fact that air does conduct electricity was first demonstra- 
ted in 1900 by C. T. R. Wilson. Experiments show that. 
Conductivity of gases, in general, increases as the pressure 
of the gases is decreased. Sir J. J. Thomson, Crookes, 
Lenard and others conducted experimentsito investigate the 
conductivity of gases at low pressure and found interesting: 
phenomena at every stage of evacuation of the gas. 

4'2. Phenomena observed in a discharge tube : 

Passage of electricity through a gas or air is known as 
electric discharge and the tube used for the purpose is 
called a discharge tube. 

The tube generally used to observe discharge pheno- 
mena in gases is shown in Fig. 1. It consists of a strong: 


Fig. 1 

Blass tube about 25 cm, long and 5 cm. in diameter closed 
at both ends and provided with two metal electrodes 4, 
and C. There is a side tube P provided with a tap, to 
Which an exhaust pump and a low pressure manometer 
(it can record pressure of the gas) are connected, The two 
Slectrodes are connected to a powerful induction coil, 
capable of giving high potential difference (more than 
9,000 volts). The electrode connected to the negative 
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terminal is known as the cathode (C) while the one 
connected to the positive terminal as the anode (A). 

As the presstire of the gas in the discharge tube is 
gradually reduced by operating the pump, the following 
series of phenomena are found to take place, one after 
another, when discharge is passed through it : 

(2) When the pressure is about 40 m.m. of mercury, 
irregular violet sparks flash across the tube in a zig-zag 
way with a crackling noise [ Fig. 2(a) ]. 

(4) When the pressure is down to about 20 m.m. of 
mercury, the discharge becomes steadier and the space 


CATHODE 


ANODE 
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Fig. 2 
between the two electrodes is filled up by luminous wavy 
column with a continuous buzzing sound. The luminoti* 
column is called positive column [Fig. 2(b)], its colout 
depending upon the nature of the gas inside the discharge 
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tube—reddish for air, deep red for neon, bluish white for 
carbon dioxide, etc. 

(iii) When the pressure is reduced to 5 ш.ш. of 
mercury, the positive column leaves the cathode and 
advances towards the anode, leaving an ill-defined dark 
Space behind, called the Faraday dark space [Fig. 2(c)]. 
At the same time, a bluish glow appears in the neighbour- 
hood of the cathode, known as negative glow, 

(iv) When the pressure is further reduced to about 
005 ш.ш, of mercury, the length of the positive column 
diminishes and that of the Faraday dark space extends. 
With a slight decrease of pressure at this stage, the nega- 
tive glow disengages itself from the cathode plate and 
another dark space, called the Crookes’ dark space, appears 
between the cathode and the negative glow [Fig. 2(d)]. At 
this time, the positive column breaks up into bright and 

5 dark bands, called striations. A blish luminosity appears , 
Near cathode and a pink luminosity near anode. The former 
15 known as cathode glow and the latter anode glow. 

(о) When the pressure is brought down to about "01 
m.m, of mercury, the whole tube becomes occupied by 
Crookes? dark space and a new phenomenon gradually 
Comes into existence, The walls of the tube—specially 

* Portions opposite to the cathode begin to glow with a 

luish or greenish light, depending upon the nature of the 
Blass used, "This is known as fluorescence. It is caused 
У the impact of very minute particles, coming out of the 
cathode Plate, against the glass wall. These particles are 
ound to be charged with negative electricity and are 
“lled cathode rays. [Fig. 2(e)]. 

(wi) Ig the exhaustion is continued further, the dis- 
атре has an increasing difficulty in passing until finally 
© tube refuses to operate. 

43, Cathode rays: It has been pointed out in the 
mous article that when the pressure in the discharge 
© 15 of the order of 001 m.m. the Crookes' dark space 
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practically fills the tube, producing fluorescence on the 
walls of the tube. The fluorescence is due to a stream of 
minute particles coming ont normally from the surface of 
the cathode plate. Hence, the stream of particles has реет 
named cathode rays, That these particles are negatively 
charged, fast-moving particles—the electrons—was esta- 
blished by systematic investigations carried out by 
Thomson, Crookes, Perin and others. They also established 
many other important properties of these rays. 
4:4. Different properties of cathode rays : 
(4) Whatever may be the position of the anode, the. 
cathode rays are emitted normally from the cathode surface. 
(ii) Like light, cathode rays travel in straight line. 
If a solid body be interposed in the path of cathode rays, a 
sharp shadow is formed. In fig. 3, an aluminium sheet in. 
the form of a cross is 
placed in the path of 
cathode rays and a 
sharp shadow of the 
cross has been formed 
on the wall behind. 
Light rays also produce 
similar shadows of 
opaqtesttbstance placed 
in their path. Fig. 3 
(йі! They can exert mechanical pressure. In fig, 4, 4 
light mica wheel W with vanes mounted on an axle is placed 
on two parallel rails. Now, if cathode rays are allowed to 
fall on the vanes of 
the wheel, it will 
slowly roll towards 
the anode plate. 
This shows that 
cathode rays ca? 
exert mechanica” 
Fig.4 pressure. 
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(iv) The rays are able to heat 
bodies on which they fall. In fig 5, the Ag 
cathode of the discharge tube is shown ж Ф 
concave and at its centre of curvature is NI 
Placed a piece of platinum. The cathode 2 
Tays, being emitted normally from the 
cathode surface are brought to focus 
at the centre of curvature and hence 
upon the piece of platinum, which 


will be rendered red-hot ina short 
while, 


(v) А large number of substances 
like zinc sulphide, etc, become 
Phosphorescent by the impact of 
cathode rays, Fig. 5 

(vi) Cathode rays ionise gases through which they pass. 

(zii) They are deflected by electricand magnetic fields, 
and it proves that the particles are electrically charged. 
The direction of deflection shows that they carry negative 
charge, 

These particles are called electrons and the charge 
Carried by cach electron is 1'6х 10-19 coulomb. 


Nature of Cathode rays: That the cathode rays 
Consist of particles carrying negative charge can be said 
from the direction of deflec- 
tion of a beam of cathode 
tays under a magnetic or an 


electric field. Thomson 
established this fact by 
another very | simple 
V experiment. 
ДЕВ The apparatus used by 


i Fig. 6 him was a discharge tube, It 

К ad two bulbs [ Fig, 6]. Тһе cathode C is sealed іп the 

Maller bulb and the anode A ina side-tube, ‘There is 
X—6 
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another side-tube in the bigger bulb, in which is placed a 
Faraday cylinder (F. D.) It consists of two cylinders— 
the outer being earth-connected and the inner being 
connected to an electroscope. The two bulbs are joined 
by a very narrow passage. A fine beam of cathode 
rays coming from the cathode C passes through the narrow 
passage and travelling along a straight line produces a 
fluorescent patch at P, At this time, the electroscope 
shows no charge init. If, now, the beam of cathode rays 
be turned intothe Faraday cylinder by a magnet, the 
electroscope will exhibit a divergence of its leaves, 
showing that it is charged. An examination of the nature 
of this charge will reveal that the charge is negative. It 
conclusively proves that the cathode rays carry negative 
charge. 


4'5. X-rays: In the year 1895, Wilhelm Rontgen, a 
German physicist experimenting with a discharge tube 
of high vacuum of the order of 0'01 mm. of mercury or more, 
found, to his great surprise that a fluorescent screen in the 
neighbourhood of the tube became luminiscent as if exposed 
to ordinary light. A photographic plate lying near by was 
also affected although it was covered up completely by 
black paper. Rontgen was very much astonished at all 
these happenings, Не thought that some very powerful 
but invisible ray must be coming from the discharge tube. 
After further investigations, he came to the conclusion 
that this invisible radiation was coming from fluorescent 
glass wall of the tube at the place where it had been struck 
by the cathode rays. On account of the unknown nature of 
the new type of radiation, Rontgen called them X-rays. 
The rays were otherwise known as Rontgen rays, in 
honour of their discoverer. 


4'6. Production of X-rays : 


The arrangement for producing X-ray is ordinarily 
known as X-ray tube which is shown in Fig. 7, 
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It is simply a cathode ray discharge tube with certain 
modifications, The cathode C made of aluminium is con- 
cave in shape while the anode A is usually put in a side 
tube, Just in front of the cathode, there is another 
electrode known as target ог anti-cathode (Т), which is 
connected to the anode, The anti-cathode is so placed 
that its surface makes an angle of 45° with the axis 
of the concave cathode, As a result, the cathode rays shot 
out normally from the cathode surface, impinge the anti- 
cathode at one single point. The target or the anti- 
cathode is made of a metal of high melting point, like 
Platinum, molybdenum or tungsten. When a high 
Potential difference of the order of 30,000 to 50,000 volts 
is maintained between the anode and the cathode and 


- + 


Induction coit 


Water flow 


Fig. 7 
the Pressure of the gas at 0°01 mm. of mercury, cathode 
тау (ie, electrons) will be produced and when these 
ast moving electrons are stopped on impact with the 
target, X-rays are produced. Now-a-days other improved 
techniques like coolidge tube, betatron, etc. are used for 
© production of X-rays. 

477. Properties of X-rays: 

Detailed investigation and analysis of X-rays have 
Tevealed the following important properties of these rays: 
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(i) Although they are invisible like cathode rays, 
they are: not material particles; they are waves like 
ordinary light with extremely small wave-length. 


(4) They can penetrate 
many substances opaque to 
ordinary light, for example, 
aluminium, wood, leather, etc. 
Human flesh is transparent to- 
these rays while bone is 
opaque, Fig, 8 shows ап 
X-ray photograph of the palm 
ofa hand. Physicians use this. 
penetrating property for 
diagnosis of various diseases. 

2 (iii) They excite fluorescence 
Fig, 8 on photographic plate and 
certain other chemicals like zinc sulphide, etc. 


(iv) They can ionise а gas ie, when the rays pass. 
through a gas, the gas molecules will be broken into 
charged parts, viz., ions. 


(v) They are not deflected by electric or magnetic field. 


This proves that the таув ате not made up of charged 
particles, 


(vi) Like light, X-rays exhibit reflection, refraction, 
interference and all other optical phenomena, As а 
matter of fact, X-rays and ordinary light belong to the 
same family, viz., the family of electro-magnetic waves. 


48. Applications of X-rays: 


X-rays have wide applications in various fields, some of 
which are mentioned below :— 


6) In medical science: Тһе contributions of X-rays 
to the medical science are enormous. For treatment of 
diseases like cancer, tumor, tuberculosis, ulcer, etc. X-rays 
have been found to beimmensely helpful. It is а very 
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effective tool at the hands of the physicians for detecting 
fracture of bones, existence of undesirable foreign objects 
inside the body, etc. 

(ii) In industry: In industry, X-ray photographs are 
"used to reveal hidden flaws in metal castings and welded 
joints. 

_ tit) In science: In higher scientific research works, 
In the analysis of the internal structure of crystals, metals 
and atoms, etc, X-rays are very often applied. 

Gv) In criminological department : X-rays are now-a- 
days applied in the police department when thieves swallow 
any jewel or ornament. ‘They are also used to distinguish 
false gems from true ones, In customs department, 

tays are used to prevent smuggling of contraband 
commodities, 


Exercises 


, l* Describe the phenomera observed ins discharge tube when electric 
discharge is passed through air whose pressure is reduced, step by step. 
2. What are cathode rays? How are they produced ? What aro their 
Properties » z 
8. Who discovered X-rays? Why are they ғо called? Are they identical 
with Ordinary light ? 
Tee Describe an ray bulb. Mention the different properties of X-rays, 
8а fow Applications of X-rays. UMS 
suite by Fill up the blanks in the sentences on the lett hand side by ee! g 
19 Words from the right hard side column 3— 


(a) Under normal condition of pressure and (a) Wave 


tempera 
ture, a gas is not a — of electricity. 
a Cathode Tay particles carry—electrio charge. (b) RER 
TH Although invisible like cathode rays, (c) Conductor 
YS are not material particles ; they are — ос 
ала X-rays are not — by electric or magnetic (4) Inde 
(е) Optical Properties of X-rays are — with (e) Negative 


4] 
hose of Ordinary light, 
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CHAPTER ONE 
FUNDAMENTAL CONCEPTS 


1-1. Molecules and atoms 
All matters, be it solid, liquid or gas are nothing but 
an aggregate of tiny particles, called molecules. Suppose 
You take a lump of sugar ( sugar isa compound composed 
Of three elements carbon, hydrogen and oxygen )and go 
оп dividing and sub-dividing it into smaller and smaller 
fragments till the smallest independent particles. each 
existing Separately from the others and possessing all the 
Properties of sugar, have been reached. On any further 
Subdivision the particles will be no longer sugar, it will 
break down into constituent elements. These tiniest 
Particles of sugar, which on further subdivision break 
down into elements are referred to as molecules of sugar, 
А molecule may, therefore, be considered to be the limit 
of division of a substance, with the retention of properties 
of that kind of substance. Hence, a molecule is the 
Smallest possible particle of a substance that can exist in 
the free State possessing all the properties of that kind of 
Substance, ‘The word molecule was coined by Italian 
Physicist Avogadro іп 1811. Сап you imagine how small 
а molecule js? You definitely understand how much 
ater is meant by one gram of water. Do you know how 
Beal Molecules are there in one gram of water P It is 
S107 Wat big number ! If you go оп counting at 
he rate 9f 1000 molecules per minute then it will take you 
no sands of years to complete the counting. You can 
W, at least imagine the astonishing smallness of the 
Molecule, the dimensions of which are far beyond the 
visibility Tange of any powerful microscope. The most direct 
!dence of the teal existence of the molecule, however, 
ee 9f late been obtained with the help of electron micros- 
Pe, which permits the molecules of some substances to 
Seen and Photographed. Molecules of one and the same 
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substance are all alike, but the molecules of different 
substances differ. The tremendous number of molecules 
that may be present in a piece of chalk are all of one kind, 
identical in weight, dimension and other properties, But 
a molecule of chalk differs from that of a common salt in 
all respects, 

The word atom is derived from the Greek word ‘atomos’ 
meaning indivisible, The molecules, though have been 
described as the smallest particles are not indivisible 
and can be broken down into still smaller particles. 
These latter particles, which are chemically indivisible 
are called atoms. Avogadro suggested that the term 
atom should be restricted to elements, Again suppose 
that you have divided a piece of gold into many smaller 
parts. Now if you go on dividing and sub-dividing the 
smaller pieces they will gradually undergo diminution 
in weights and volumés, Imagine that in this way 
you have reached to the limit of division, when no 
further subdivision is possible. This smallest possible 
particle ie, the tiny ultimate speck would still be gold, 
and nothing but gold and can, therefore, be described as 
the ‘atom’ (Greek indivisible) of gold. An atom of an 
element is defined as the smallest. indivisible particle of 
that element which is capable of taking part in chemical 
change, An atom is chemically indivisible while 2 
molecule is not. You, perhaps, have understood by this 
time that a molecule is infinitely small in size. So also 18 
the case with an atom and it requires no further descrip- 
tion. Atoms of one and the same element are all alike 
The atoms of gold are all identical, while each atom 0 
gold differs from that of silver or iron in weights, dimen 
Sions and other properties, 


It will not be strictly true to say that the atoms do 19 
exist in the free state, If an atom has its free and separate 
existence, it is also the molecule of the element. pat 
generally a molecule is formed by the combination of t¥? 
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or more atoms, Molecule of an element is formed by the 
combination of atoms of one and the same kind. Two 
hydrogen atoms, for example, combine to forma molecule 
of hydrogen, Atomicity is the number’ of atoms in the 
molecule and hence hydrogen molecule is said to be 
diatomic, Atoms of different element on the other hand 
form the molecule of a compound. A molecule of carbon 
Monoxide, for example, consists of an atom of carbon and 
One atom of oxygen, It is evedent from the adjoining 
figure that a hydro- 
gen molecule on de- @ 
ае нов breaks Hydrogen Hydrogen 

oms of the atom molecule 
Same kind ie, two 


hydroge t ^ 
While = Ge eee (0 C 
Position of carbon Carbon Oxygen Carbon monoxide 


Я 6 atom atom molecule 
Monoxide each of its : 


Molecule breaks into two different atom 
carbon and an atom of oxygen. 


1-2. Dalton's Atomic Theory 
The idea that all matter is composed of atoms is called 
atomie theory. As far back as the 6th. century B.C. the 
ancient philosophers had guessed it. The philosophers of 
Classical antiquity looked to their own intellect for funda- 
Mental truth. The atomism was, therefore, а result of 
Contemplative philosophy, a product of their mind They 
a nothing more and left the idea vague. From the 
Yagueness and the misty realm of philosophy it was John 
alton, a Cumberland school-master, who developed atomic 
Concept into a scientific theory. The laws of chemical 
combination are experimental facts, These observed facts 
and a number of others are explained by Daltonian concept. 
alton in 1803 remoulded the classical vague idea in the 
orm of the following postulates, which together make up 
8 atomic theory : 


s—an atom of 
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(0 All matter is composed of very minute particles. 
These particles are indivisible by ordinary chemical means 
and are called atoms, 

(it) Atoms can neither be created nor destroyed, 

Thus, creation or destruction of matter is not within 
the reach of chemical agency. It is only possible to alter 
the state of combination of a number of atoms ; there may 
be interchange of attachments between various atoms. 
Synthesis means the union of atoms, while analysis is 
simply their separation from one another. But whatever 
be the state of combination the total number of each kind 
of atoms remains unchanged in the process, б 

(iii) Every kind of atom has a definite weight ; atoms of 
the same element are equal in weight and are all alike in 
everyway ; while atoms of different elements have different 
weights and properties, ; 

In other words any atom of copper would resemble every 
other atom of copper irrespective of its sources. But each 
copper atom would differ from each silver atom and so on. 

(iv) Compounds are formed by the combination of atoms 
in definite ratios of whole numbers, usually small. 

That the atoms must combine in whole numbers follows 
from the very assumption that atom is indivisible. 

The smallest particle of a compound substance like 
water or ammonia was described by Johu Dalton as ‘com- 
pound atom’. The smallest particle of an element was 
called ‘simple atom’, As has already been stated, the 
distinction between atoms and molecules was recognised 
long afterwards, when Avogadro in 1811 coined the term 
molecule’ for the smallest particle of an element of 
Compound that is capable of existing in the free state, 


1-3. Atomic and Molecular weights 

The atoms and molecules are exceedingly small and 50 
also their absolute masses. One of the heaviest atoms 
namely the tranium atom has been found to have a mass 
Of 3:96 x 10°22 gm. only. This single example will make 
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you understand how incredibly light the atoms are. No 
ordinary weighing machine will do for weighing atoms, 
Besides, it is highly inconvenient to use such small 
numbers. Chemists, therefore, adopted the method of 
Comparing the weights of other atoms with that of an 
atom of hydrogen. Hydrogen atom, the lightest known 
atom was taken as the standard of comparison, so that 
the value 1 for hydrogen was chosen as the base. These 
relative weights are the so-called atomic weights. This. 
Provides our definition of atomic weight, 


Atomic weight of an element 
_ Weight of an atom of the element 
Weight of one atom of hydrogen 
зі Тһе atomic weight of an element is thus а number 
pee the relative weight of an atom to the weight 
an atom of hydrogen taken as unity. 
Later on oxygen was chosen as the standard of com- 
Po en and its atomic weight was arbitrarily taken as 
AP 000. According to this definition, atomic weightofan 
"m ment is the number of times an atom of it is as heavy 
9ne-sixteenth ofthe weight of one atom of oxygen. 
tomic weight of chlorine:is 35°5 means 
Weight of an atom of chlorine у 16355. 
t Weight of one atom of oxygen 
ашу the molecular weight of a substance is the 
d mos of times its molecule is as heavy as one-sixteenth 
Weight of one atom of oxygen, 
Molecular weight 
~ Weight of a molecule of the substance y 16 
Of] Weight of an atom of oxygen 
ҚАҢ ate, the dominant natural isotope of carbon has been 
Mr as the standard and this is assigned the value 12, 
Weight atomic and molecular weights are the relative 
Unit 3 Son an arbitrary scale. The atomic weight (mass) 
carbo, defined as exactly туѓ» of the mass. of the said 
Pn atom., Suppose the mass of a carbon atom is x gms, 
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then the unit is £j gms. Since many elements consist 
of a mixture of stable isotopes, the atomic weight of 
an element is the average mass of an atom of the element 
measured in this unit. One example will make the point 
clear. Mass of a light hydrogen atom is about 10078 
units and that of a deuterium atom is 270143 units. In 
ordinary hydrogen there is about (very roughly) one heavy 
atom to every 5000 light atoms, Because of the extra mass 
of approximately one unit (2:0143--1:0078) of one deuterium 
atom, the average mass would be 10078--5j5g 01 
1:0078--0:0002— 1008, which is the chemical atomic 
weight of ordinary hydrogen. Let us again come back to 
the discussion of molecular weight, which may simply be 
regarded as the sum of the atomic weights of all the 
constituent atoms of the molecule. The molecular formula 
of benzene, for example, is C,H, and accordingly the 
molecular weight of it is 6 x 1201-6 X 1:008 = 781108. 


Gram-atomic weight or simply а gram-atom is the 
number of grams of an element, which are numerically 
equal to its atomic weight. Atomic weight of oxygen is 
16 and 1 gram-atom of oxygen means 16 gms, of oxygen. 
Similarly 1 gram-atom of hydrogen = 1'008 gm. of hydroge®. 
Gram-molecular weight or a gram-mole or simply mole (some 
times spelled mol) is the number of grams of a substance 
(element or compound) which are numerically equal to its 
molecular weight, ‘Thus, molecular weight of water іѕ 1 
and а gram-mole of water means 18 gms, of water 
Similarly molecular weight of sulphuric acid being 98, % 
gm.-mole of sulphuric acid corresponds to 98 gms. of it 

By normal density of a gas is meant the mass in сташ“ | 
of a litre of the gas at N. Т. P. Normal density 0 
hydrogen, for example, is 0'09 gm, and it means that t p 
mass of one litre of hydrogen at "С and 760 mm, pressit | 
is 0:09 gm. Suppose, the molecular weight of a gas K 
vapour is M and its normal density is D gms./litre. | 
gtam-molecule of the substance, therefore, will occupy a 
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N. T. P. a volume of M £m9. — v, (say) litre. This Vm 


D gms.[litre 
is referred to as gram-molecular volume or molar volume. 
The volume of 1 gm.-molecule of hydrogen at N.T.P. is 
009 as 22 litres, This can be expressed in 
another way by saying that 224 litres of hydrogen at 
N. Т.Р, contains one gram-molecule of hydrogen. A gram- 
molecule of any gas will necessarily occupy 22:4 litres at 
N. T. P. A gram-molecule of any substance, if it is 
Possible to be vaporised, will occupy the volume of 224 
litres at М. Т, P. Тһе molar volume or gram-molecular 
Volume of any gas is 22:4 litres. It is the volume (224 litres) 
that contains one gram-molecule of any gas at N. Т.Р. 
The mass in gms, of 2244 litres of any gas at N. T. P. is, 
therefore, its gram-molecular weight. 


1-4. Periodic table 
The elements known to date are a little over one 
hundred in number, Almost everyoue is familiar with some 
Of them, while there are many which ате rare. Under stan- 
dard Conditions some are solids, some liquids and some 
84ses, Again some show striking similarities among them- 
“elves and а great many exhibits a wide variety in their 
RES at the same time, The compounds too, that the 
T “ments form are also varied in nature. The study of 
ey it is obvious, is not am easy job. To acquire an 
vie level knowledge it is necessary to get acquainted 
а great many facts and the theories that connect them. 
sk as easy as possi- 
hat has long since 


S are being made to make this ta 
lea to Ux first attempt in this direction t E 
eta] € classification of elements into two broa groups— 
E and non-metals—is undoubtedly the simplest one, 
de gh this distinction is useful in many ways yet no 
aa line of demarcation can be drawn between the two 
cial, The existence of several elements referred to as 
loids, that share certain characteristics of both classes 
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isa clear proof of it. With the progress of time scientists 
began to realise that this classification could not make 
the ‘task of learning chemistry sufficiently simple, In 
consequence, attempts were made to arrange elements into 
smaller groups on the basis of similarities in properties. 
Early in the nineteenth century many investigators 
felt the necessity of establishing a relation between the 
chemical properties of the elements and their atomic 
weights and classifying the elements on this basis. 
Dobereiner of Germany in 1817 noticed that the atomic 
weight of strontium is approximately the arithmetic mean 
of those of calcium and barium, 

Ca 40 Sr 88 Ba 137 

(40+ 137) =88'5 
These elements closely resemble one another in chemical 

character and Dobereiner in 1829 asserted that this 
relationship might be the basis of systematic classification 
of elements, The elements with similar properties can be 
arranged in groups by threes, where the atomic weight of 
the middle element in each group is approximately the 
arithmetic mean of those of the other two, e.g., 

С1 855 Br 80 I 127 

This is, referred to as Jaw of triads, but it failed (0 

embrace all the then known elements, Тһе first attempt 
to find a generalisation embracing the atomic weights 
of all the elements was made by the English chemist 
Newlands, who arranged the elements in ascending order 
atomic weights Every eighth element in this arrange 
ment, starting from any point is a kind of repetition of th? 
first. The eighth element resembles the first, the nint 
tesembles the second and soon. Newlands classified th? 
me img 8 cal mns. A portion of Newland“ 

owing classification of elements is given below : 

BESO SH) Т С 

B Na Mg At Sion Pe 8 

ж G(Glucinum )=Be ( Beryllium ) 
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JE EXON N,etc, for example, resemble very closely the 
elements Na, Si and P respectively in properties Na is 
theeighth element if the counting is begun from Li, 
Similarly Si becomes the eighth element, when the starting 
Point is C and so on. The existence of the periodic keha- 
Viour as realised by Newlands though contained the germ . 
of the periodic law, he made the unfortunate mistake of 
naming his generalisation the Zaw of octaves, due to 
the similarity of this with the musical scale. 

The attempt at systemisation by Dimitri Ivanovich 
Mendeleey merits special consideration, as no attempt 
Was as brilliant, rational and complete as that of the 
Russian chemist. First of all, he said, ‘the most likely 
Property, that reflects the relation among the elements is 
the atomic weight peculiar to each element’, The elements, 
he Observed, if set forth in the ascending order of their 
atomic weights show an evident periodicity of properties. 
He arranged the elements in terms of increasing atomic 
Weight in such a manner as the like elements fall in the 
Same vertica] groups.. For example, 

Li Be B (5 N о Е 
7 9 11, 12 9 14016 5 
a E ORNPS 
5 Mg 2 3 81 52 855 
Li and Na or Be and Mg, etc. that come under the same 
Vertical column closely resemble one another. The 
orizontal rows he descrlbed as periods and the vertical , 
Columns as groups. Mendeleev was the first to appreciate 
fully the significance of periodicity and he went so far to 
Maintain the group similarity as he reversed the order of 
atomic Weights, where necessary. Indeed, he had so much 
faith in his own scheme that he expressed by generalisa- 
tion his observations in the form of a Jaw, what he chose 
to Call the periodic law. It states that the Properties of 
Clements are а periodic function of their atomic weights, 
n the basis of the periodicity the table, that he drew 
UP was Called by him the periodic table. Later in 1871 


Phy, Sc, х--7 


J 
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a moditied form of his previous table was published. 
In this a more comprehensive treatment of the periodic 
law was made. The classification of element on the basis 
of periodic law is known as periodic classification of 
elements. The table of 1871 consists of eight vertical 
columns in all, Subsequent developments led to its 
various modifications, One such modification is the 
inclusion of another vertical column comprising the inert 
gases such as argon, etc. This group is known as zero 
group. Besides, Mendeleev left some blank places in his 
table owing to want of suitable elements to fit in and thus 
predicted the existence of elements not then discovered. 
Later on the then unknown elements were not only 
discovered but their properties were found to agree 
fairly well with what Mendeleev predicted. The last 
word is yet to say, us it has been proved what determines 
the properties of an element is its atomic number and not 
the atomic weight. This is clearly evident from the 
existence of isotopes, An element is actually defined by its 
atomic number. The properties of an element, it is to be 
noted, are dependent on the structure of the atom and 
systematically vary with the atomic number. Тһе grada- 
tion of chemical properties with atomic number does not 
Progress continuously, it involves a crude periodicity, as 
the elements with almost identical properties are found at 
recurrent, though not always equal, intervals. The elements 
with atomic numbers 2, 10, 18, 36, 54 and 86, for example 
are inert gases. Similarly atomic numbers 3, 11, 19, 
37, 55 and 87 correspond to elements which are all metals 
and highly reactive. The periodic law is now stated аз: 
The properties of elements are periodic functions of theif 
utomic numbers 


Description: A short table based on Mendeleev’s pla". 
consisting of 92 elements (from hydrogen, atomic number 
1 to uranium, atomic number 92) is described here. 

It contains seven horizontal rows and nine vertical 


(a) 


10 


2: 
21221 9/50 


4-901 


16-201. 


1-101 


SyuH РПЦ 


%6-8а 


98-54 


4205 9294 


9/. 


121. 
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columns. ‘The horizontal rows are called periods and 
vertical columns groups АП the groups from I to VII 
are each divided into subgroups а and b. The first period | 
contains only two elements hydrogen (atomic number 1) 
aud helium ( atomic number 2) and it is referred to as 
very short period. The second and the third period 
contain eight elements each, and these periods are known 
as short period. ‘The elements of the third period 
resemble very closely the corresponding members of the 
preceding period. Lithium (Li) and sodium (Na), for 
example, are alkali metals and both -decompose cold 
water, Fluorine and chlorine again are members of the 
halogen family and each of them combines with metals to 
form salts, So starting from any element, the ninth 
element here is a kind of repetition of the first, Тһе 
elements of the second and third short periods are called 
typical elements. There are eighteen elements in each of 
the 4th and 5th period, which are referred toas the jirst 
and the second long period respectively. Each of the long. 
periods isagain subdivided into even and odd series. At the 
every nineteenth element there isa kind of relapse to the 
starting point Potassium (K) and rubidium (Rb) for 
example, closely resemble one another. Similar is the case 
with bromine (Br) and iodine (1). The sixth period contain 
ing 32 elements is a very Jong period. The last or the 7th. 
period is an incomplete one and in the present table 51% 
elements only have been included, though the elements 
known todate are a little over one hundred. It is to be noted 
that the eich period starts with, disregarding the first on 
analkali metal and ends inan inert gas If sufficient numb 
of new elements of large atomic numbers be discovet® 
in future then the seventh period also will possibly be? 
very long period containing 32 elements and ending 1 
another inert gas, ап element of atomic number 118. 

the sixth period 14 elements belonging to Group Ша hav? 
been placed together beyond lanthanum (La) and 514 


рр ЕРЕС 
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Known as rare earths, though they are better designated as 
Yess familiar elements. In group eight there are nine 
metals in all : the elements bearing striking resemblances 
in groups by threes find places in the fourth, the fifth and 
the sixth period respectively. 


1-5. Electrovalency and covalency : 

We have already discussed the electronic structure of 
atoms, With the information thts available we can proceed . 
to diseuss molecular structure. "There is no shadow of 
doubt that the valency bonds by which the atoms are held 
together in a molecule are related to the electronic 
Structures of the constituent atoms. 

An examination of electronic configuration of atoms of 
inert gases reveal that all, except helium, have eight 
Slectrons in their outermost shell. As the inert gases 
are highly non-reactive, it may be concluded that an 
arrangement of eight electrons in the outermost shell 
is an extremely ‘stable опе. One of the postulates of the 
Electronic theory of valency is, therefore, that all other 
atoms tend to assume the inert gas configuration. The 
Chemical behaviour of atoms isa reflection of this tendency. 

hen atoms combine they try to attain, as far as possible, 

Selectron outermost shell. Keeping in view the limita- 

fons of the syllabus we shall discuss here only the two 
types by which atoms can assume such configuration. | 

(i) Itis possible for the atoms of the elements, which 
aTe Very close to rare gases in the periodic table to assume 

е stable configuration by transference (ie. losing Br 
Salning electrons) of electrons. Each of the halogens in 
the periodic table is followed by an inert gas, while an 
alkali metal is preceded by an intert gas. An atom of any 
alkali metal (Li, Na, K, ete.) can, therefore, assume stable 
Mert раҳ conn ae КӨЙ by losing an electron, While a 

alogen atom can acquire the stable inert gas configuration 
Y receiving an electron. Hence, if an atom of alkali 
Stal transfers one electron toa halogen atom, both the 
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atoms then assume the stable configuration of inert gases 
and the halide so formed would bea stable one. Atom as 
a whole is electrically neutral. So by losing or gaining 
electrons atoms must have a resultant positive or negative 
charge respectively. These charged particles are called 
ions and the ions With opposite charges are held together 
by electrostatic attraction, In the combination of sodium 
with chlorine sodium atom transfers its outermost electron 
to the outermost shell of chlorine atom and attains the 
neon structure, while chlorine atom assumes the argon 
structure. Sodium atom thus becomes a univalent positive 


Na rt СІ == NaCl 


lon Na* by losing one electron and chlorine atom becomes 
a univalent negative ion Cl” by gaining the electron lost 
by sodium. In consequence the oppositely charged ions 
are held together and this is the basis of the valence bond 
in sodium chloride. This type of link is called clectrovalent 
link от electrovalency. It may be stated here that atoms cat 
transfer one or more outermost electrons to other atoms 
50 that each becomes a positive or negative ion respec 
tively, often with an 8 electron outermost shell In the 
sodium chloride molecule, as stated above both Nat and 
СІЗ ion have an outer octet of electrons, In the reactio? 
between lithium and fluorine the former transfers its outer- 
most electron to the outermost shell of the latter contains- 
ing seven electrons. Lithium ion possesses heliu” 
осше, (with two electrons), the fluoride ion being 
: with the external octet of neon. A 2-electron she 
like the inert gas helium is Li TH SEITE 
Ae TRUM arrangement. 21 1 22 
П the formation of lithium h dride h m ain 
iut C qi lost by lithium, the Haun doa. the ydridé 
g formed, with the helium structure- 
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(ii) Itis difficult to explain in terms of the concept of 
electro-valency the formation of compounds by elements, 
Which are far off from inert gases in the periodic table, 
Kossel, who developed the concept of electrovalency, 
himself recognised that the formation of many molecules 
could not be fitted into this concept. The important 
examples of it are the molecules in which decision as to 
which of the constituent atoms is positive and which 
negative is puzzling. A second manner whereby atoms 
Can assume stable configuration was postulated by G. N. 
Lewis and is known as covalency: electrons are not 
actually gained or lost by the atoms involved, they pass 
Into a shared state and sharing involves pairs of electrons. 
In this way all the atoms concerned complete an octet (or 
duplet —2-electrons) of outer electrons. The formation of 
a chlorine molecule, for example, from two atoms of 
chlorine, each with seven electrons in the outermost shell, 
may be depicted as follows : 


.. ^f te SC at 
a т 22-07; 
ee 
Chlorine molecule 


Each chlorine atom contributes one electron to make up 

a ring of eight but does not entirely part with it. In a 
Molecule of hydrogen each of the 
Wo atoms contributes its single 
Slectron to make up a ring of 2 
814 thus by pairing electrons 
Oth assume the helium configu- 
Tation, a shared-electron pair 
ond being formed between the two. 
Molecule is formed from four hydrogen atoms with one 
Electron each and one carbon atom with four electrons in 
М8 outermost shell. By the creation of four shared-pairs 
of electrons, the carbon atom attains an octet of outer elec- 


hydrogen molecule 
The methane 


/ 


Й 
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trons, while each hydrogen atom acquires the stable helium 
duplet. Towards the formation of each shared pair опе 
electron is contributed by the carbon atom, the other 
H coming from a hydrogen 

JI ERE s atom. Each shared palit 

1 corresponds to one con- 
ventional valence bond 


MIT and it is represented by а 
n single line drawn between 
Methane molecule х the atoms concerned, For 


example, the structural formula of chlorine molecule, 
that corresponds to the above electronic structure is C1— CI. 
A double bond is similarly formed by four equally shared 
electrons between the two atoms concerned. A triple bond 
involves sharing of three duplets i.e., six equally shared 
electrons between the two atoms, as is the case with 
nittogen molecule, 
М: qo: N:-3:N: :N:or: NaN: (N3) 


Questions 


1. Define atoms and molecules. State Dalton’s atomic theory. 

2, What is meant by: (a) atomic weight, and ‘b) molecular weight? 
What is gram-molecular volume ? Explain with illustrations. 

8. Describe in brief the periodic classification of elements. 

4. Explain & illustrate the meaning of the terms: (a) electrovaleney 
and (b) covalency. ў 


5. State the difference between the weight of an atom of chlorine and its 
atomic weight. 


State the periodic law. 


6. Weits short noteson: (а) agram.atom, (b) a gram molecule ane 
(0) gram-molecular volume. 


Sample Questions for objective type te:ts 


Alternate response type 
True or False type 


(а) An element із really defined by its atomic number. a 
(b) The molar volume of any gas із 22'4 litres. EJ 
(c! The actual weight of an atom of chlorine and its atomic weight E 


one and the same thing. 


CHAPTER TWO 
A FEW FAMILIAR ACIDS 


2-1. Hydrogen Chloride, НСІ 
Davy in 1810 proved that it is a compound. As it is a compound of 
“hydrogen and chlorine, it is called hydrogen chloride, 1448 в gas at ordinary 
temperature. It is highly soluble in water and the solution is known as 
hydrochloric acid. In the gaseous state it is aleo known as hydrochloric 
acid gas. Tt is sometimes found to occur in volcanic gases, In small amount 
09-04%) itis present in gastric juice, 

Laboratory method of preparation—Principle: 
Hydrogew chloride gas is evolved by the action of conc. 
sulphuric acid on common salt ; volati'ejhydrogen chloride 
is being replaced by less volatile sulphuric acid. The 
Teaction takes place in two stages. At first sodium hydrogen 
Sulphate and hydrogen chloride are formed. Then at above 
500° excess sodium chloride reacts with sodium hydrogen 
Sü!phnte to produce a further quantity of hydrogen 
chloride. But the second step of the reaction is not 
"arried out in the laboratory. 

NaCI--H490,— NaH$0,-- HCl 
NaHSO, + NaCI-- Na4S0, НСІ 

. Procedure: Take some common salt in 
With a thistle funnel and a delivery tub 
adjoining figure, Pour in conc. 
Sulphuric acid through thistle 
funnel sə asto cover the whole 
of common salt and see that the 
“nd of the funnel in the flask 
Temains dipped under the surface 
9f the liquid. The reaction starts 
Ж the two substances come in 
.Hfct. When the reaction 
Slackens down, heat the flask 
ERR Dry the gas that comes 
Ut through the delivery tube by 

Passing through a wash bottle Preparation of 
(not shown in the figure) hydrogen chloride 
“antaining conc, Нә50,. Collect - in the laboratory 


a flask fitted 


eas shown in the 
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the dry gas by upward displacement ofair. It may be 
collected over mercury. 
In order to prepare an aqueous solution of hydrogen 
chloride allow the gas that comes out of the flask to come in 
contact with water through an inverted 
funnel, the mouth of which should 
barely dip in the liquid. The gas 
from the reaction vessel is not directly 
led into water. The high solubility of 
hydrogen chloride in water in that 
case might cause the solution to be 
sucked back into the hot reaction 
vessel, 
Properties: Hydrogen chloride is 

a colourless gas with a suffocating, 
Preparation of unpleasant smell. It is highly soluble 

Aqueous golutionof in water; at 15°, 1 volume of water 

hydrogen chloride dissolves 458 volumes of it. Concen- 
trated hydrochloric acid of commerce is about 39% strong. 
This acid, an boiling loses НСІ molecules and becomes 
weaker : it goes on till it contains only 20:2 per cent of 
НСІ. Acid of this concentration (ie, 20:27 НСІ) distils 
unchanged at a constant temperature of about 110°C Acid 
of higher or lower concentration than this boils at a lower 
temperature, Ifa weaker acid be boiled, the concentration 
gradually increases till it contains 202% ot НСІ, 


Hydrogen chloride i 
of combustion, 


Sneither combustible nor a supporter 
If a lighted taper be introduced into a jar 
full of hydrogen chloride, the taper ‘extinguishes and the 
gas does not burn, But burning sodium continues to burn 
with a bright yellow flame : 2Na+2HCl=2NaCl+H,. 


В zinc, iron, magnesium, ete, dissolve іш 
evolution of hydrogen: eg. Zn+2HCl 


=2nCl.+H,. But the acid does not attack the noble 
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metal such as gold or platinum. Aqua tegia, however, can 
dissolve them. Hot. concentrated hydrochloric acid 
dissolves copper powder, hydrogen being evolved, Only in 
presence of air or oxygen silver is attacked by hydrochloric 
acid ; 4Ag-+4HC14+0,.=4AgC1+2H.0- 

In being an acid reacts with basic subtances with the 
formation of salt and water ;—many oxides or hydroxides 
dissolve in hydrochloric acid : 

NaOH+HCI=NaCI+H,0, Cu0O--2HCI 2 CuCl, +H, ;. 
Ca(OH). --2HCI 2 CaCl, +2H,0. 

In presence of traces of moisture hydrogen chloride 
combines directly with ammonia to form ammonium 
chloride : NH, +HCI=NH,Cl. 

Towards oxidising agents like manganese dioxide, lead 
dioxide, potassium permanganate, etc. hydrochloric acid 
behaves as a reducing agent. Chlorine is evolved, when 
hydrochloric acid is boiled with manganese dioxide. 
But potassium permanganate oxidises the acid at roont 
temperature with the liberation of chlorine : 


4HCI-4- MnO, -Cl, + MnClp+2H,0 ; 
1GHCI--2K Mn0,=2KCI+2MnCly+5Cl,+8H20- 


Chlorides of metals are generally soluble in water, 
Commou exceptions are those of silver, lead and mercurous 
mercury. 

2-2. Sulphuric Acid, Н,5О, 

Sulphuric acid ia one of the most important chemicals known to-date 
and it is one of the rare compounds that were known long ago. There are 
two processes for the mannfacture of sulphuric acid, the chamber process 
and tha contact process. Bnt the older method the cbamber process ig 
gradually being replaced by the more modern method, the contact one. 

Contact process : Sulphur ог pyrites are burnt in an 
excess of air and the gaseous products consisting ofa 
mixture of sulphur dioxide and excess air are allowed 
to pass through dust catcher whereby the suspended dust 
particles present in the gaseous mixture settle down. 
The partly purified mixture is cooled down by passing 
eet lead pipe and washed with water in towers 

y counter current movement—the gas flows from 


the bottom of the tower towards the top while water 
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is sprayed downward from the top. The gas is an 
ina similar way by the downward spray of concentra и. 
Sulphuric acid. The gases thus dried and pariba are le 

into the contact furnace, the temperature of which is mam 
tained at about 450% Here oxygen of the air oxidises 


Water VES. 38) 


| 


Air CIIM 
tye un Пв 777. 
Contact furnace доре 


| 223 2 
| ІШ E: д 
E 


Burner Dust Catcher. 


Sulphurio acid by contact process 


Sulphur dioxide to trioxide in presence of platinised 
asbestos: 250, TO,2280,. The reaction being 
exothermic once the reaction is started no external heating 
is required. Now-a-days in most plants a substitute. which 
is a preparation from vanadium pentoxide is employed as 
catalyst, although it is somewhat less effective than 


Platinum. Because it is comparatively cheap and is less 
Sensitive to poisons such as 


ete. than platinum, Sulphur trioxice thus formed, is 
cooled and then asborbed bya downward heavy stream of 
88% sulphuric acid. ‘The Water present in the acid: 
Teacts with sulphur trioxid 


я ain the strength 
at 28% and so the acid of this Strength is increased іп 
quantity. The above stated ch 
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Properties: Pure sulphuric acid is a colourless, heavy, 
oily liquid. Its Sp в. із 184. It mixes with water in all 
proportions, If the acid isto be diluted, pour the acid 
into water (and never water. into acid), a little ata time 
with constant stirring. 

Cone, sulphuric acid is used as a desiccating agent in 
the laboratory because of its strong affinity for water. Gases,. 
which do not react with the acid may be dried by bubbling 
through it. Concentrated acid decomposes some organic 
compounds by abstracting elements of water from it. 
If formic acid be dropped into hot acid, carbon monoxide 
evolves : HCOOH+H,S0,=CO+[H,0 4H,80,] 

Concentrated sulphuric acid if added to a strong 
solution of sugar, the whole mass turns black ;—sugat 
molecule decomposes, carbon particles separate out: 

C.H220,,+H,S04=12C+[1 1Н:0--Н,50,1 

Sulphuric acid is a dibasic acid. Many metals such as ` 
magnesium, zinc, iron, etc. dissolve in dilute acid with the 
evolution of hydrogen ; Zu4H,S0,—ZuS80, He. It 
forms two series of salts—acid salt and mormal salt; 
NaOH+H,SO,=NaHSO,+H,0 NaHSO,+NaOH= 
Ха,50,--Н,0. 

If the acid vapour is allowed to pass through strongly 
heated platinum or quartz tube or the acid be allowed to 
fall in drops into the red hot platinum flask, it decomposes- 
into sulphur dioxide, steam and oxygen : 2H, SO, =250, 
+2H,0+04 

Strong acid, particularly in hot condition, is an effective: 
oxidising agent. It oxidises carbon and sulphur to carbon 
dioxide and sulphur dioxide respectively: C+2H,SO, 
=CO,+250,+2H,0 ; 5--2Н,50,--2Н,0--950;. 

Most metals dissolve in hot concentrated acid ; metal 
gets oxidised and the acid is reduced to sulphur dioxide: 
Cu 42H50, = C180, 42H50 +803. 
$ Compounds like hydrogen sulphide, hydrogen bromide, 
ae are also oxidised by the acid: 2HBr+H,SO,=Br,+ 

304-50,; H,S+H,50,=5+80,+2H,0, 
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2-3. Nitric Acid, HNO; 


The old name for this compound was ‘aqua fortis’ meaning strong water ; 
as almost all metals and many other substances are attacked by із. It was 
first prepared by distilling together nitre or saltpetre KNO, and ferrous 
sulphate FeSO,,7H,O. Nitric acid in traces is found in the air in the free 
state, Lightning causes the combination of nitrogen and oxygen of the air. 
Nitric oxide thus formed changes to nitric acid by reaction with oxygen and 
"water. The acid on being carried down to the soil by the falling rain fertillises 
the latter, In the soil it is mainly found in the combined state as nitrate. Large 
deposits of sodium nitrate, for example, are found in Chile, South America. 

Laboratory method of preparation: Principle: Nitric 
acid is prepared in the laboratory by the action of less 
volatile sulphuric acid on sodium or potassium nitrate. 
"This reaction is completed in two stages, 

At first, (а) KNO;+H,SO,=KHSO,+HNO, occurs 
and then with excess of nitrate and at a higher tempera- 
‘ture (800°) more acid is obtained due to: 

(0) KNO;+KHSO,=K,S0,+HNO. 

But at this high temperature much of the nitric acid is 
decomposed : 4HNO; — 4NO; -2H504-O,. Secondly the 
normal sulphate (¢.¢.K2SO,)that formsa hard coating inside 
‘cannot be easily removed. Besides, wear and tear being con- 
siderable the vessel may give way at the high temperature. 
Nittic acid is, therefore, prepared in the laboratory by 
the first step of the reaction, carried out at about 200°. 


Procedure: Take equimolecular amounts of potassium 

SURE oti nitrate and concentrated 
„Potassium nitrate sulphuric acid in an all 
; glass retort, Fit its spout 
into a flask acting as the 
teceiver, which is placed 
in water and is kept cold 
by tunning water from а 
tap Heat the retort on 
а wire gauze gently (200°) 
by means of Bunsen flame. 


Preparation of nitric acid when nitric acid distils 
in the laboratory 


P Over and in the 
f receiver as a yellow liquid epee 
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Some water and oxides of nitrogen specially the nitrogen 
dioxide from decomposition of nitric acid are present in 


this acid, The dioxide colours it yellow. This acid may be 


concentrated to 98% by distilling with concentrated 
sulphuricacid. The yellow acid is decolourised by warming 


“о 60°—80° and blowing dry air through it. When the 98% 


acid isfrozen, colourless crystals (m p.— 41:35) separate out 
Properties: Nitric acid is a colourless, fuming, 


corrosive liquid. It possesses a strong suffocatiug odour. 


It is miscible with water in all proportions. Most of the 
nitrates are soluble in water. Nitric acid containing a fair 
amount of dissolved nitrogen dioxide is referred to as 


“fuming nitric acid.’ 


It is a strong monobasic acid, dissociating completely 


into ions, when diluted: HNOg4-—H*--NO;. It turns 


blue litmus red and neutralises bases to form salts known 
as nitrates. Copper oxide, potassium hydroxide, Zinc 


"hydroxide, etc., for examples, are converted into the 


nitrates of the meta!s concerned : 
CuO-2HNO,-Cu(NO;,,-H,0, KOH+HNOs 
=KNO;+H,0, Zn(OH) -2HNO; = Zu(NO;)s -2H50. 
Nitric acid is a strong oxidising agent. Various 
‘substances, elementary or compound undergo oxidation by 
the action of the acid. Heated saw dust is set on fire by 
‘Concentrated acid and the burning charcoal burns brightly 
in contact with it: C--4HNO5-— CO; -4NO; 4-2H$0, t-e., 
Carbon is oxidised to carbon dioxide. Iodine, sulphur and 
‘phosphorus are oxidised to iodic, sulphuric and phosphoric 
acid respectively : 
31, -+10HNO; =6HIO,+10NO+2H,0 ; 
S+6HNO;=H.SO,+6NO.+2H,0 ; 
P,+10HNO;+H,O=4H3P0,+5NO.+5NO. 
Concentrated nitric acid oxidises ferrous salt into ferric 
salt aud sulphur dioxide into sulphuric acid, It liberates 
iodine from potassium iodide and sulphur from hydrogen 
Sulphide : 
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6FeSO,+3H.SO,+2HNO; =3Fe,(SO,)3+2NO+4H,0 ғ 
$0,+2HNO;,=H.SO,+2NO,; 6KI+8HNO, =31,+2NO 
+6KNO;-+4H,0 ; 3H,.S+2HNO;=3S+2NO+4H,0O, 

The pure acid undergoes slow decomposition on 
exposure to light at room temperature and heating causes 
it to occur rapidly. Nitrogen dioxide, oxygen and water 
are formed thereby: 4HNO;=4NO05,+0,+2H,0. 

Save and except a few metals such as gold, platinum, 
ete, almost all metals ате attacked by the acid, Nitric 
acid acts both as an acid and oxidising agent, Only 
magnesium and manganese liberate hydrogen from cold 
and very dilute nitric acid, Chromium and ігоп ате rendered 
passive by the action of concentrated acid. Cold nitric acid 
hardly attacks aluminium Besides, of the metals some 
are, however, converted into their oxides and the rest into 
the corresponding nitrates, A portion of the acid in the 
teaction is reduced to oxides of nitrogen (NO, NO and 
N30) free nitrogen, hydroxylamine and even to ammonia, 
In fact, the nature of the metal, concentration conditions 
of the acid, temperature and the presence of the products 
of reaction decide what products will be obtained, Below 
is given a list of reactions with necessary eqtations : 


Copper: (i) Hotand concentrated acid is reduced to 
nitrogen dioxide: Ca--4HNO, — Cu(NO4), -2H50 -2N0s- 


(8) Cold and moderately concentrated (1:1) acid 19 
reduced to nitric oxide: 


Cu ВНМО, =3Cu(NO;)a +4H 0 +2NO., 

Gii) Cold and dilute acid is reduce 

4Cu+10HNO, —4Cu( 

Zinc: (i) Hot and con 
nitrogen dioxide: 
Za HINO, —Z8(N0;), 12). 0. 9x0, 

Gi) Cold and moderately dilute (1: 1) acid is reduced 

to nitric oxide : 32u-+8HNO;=32Zn(NO,)9+41,0-+2NO° 

(04) Соја аца dilute acid is reduced to шінде oxide” 


42n+-10HNO;=47n(NO,), +5H,0+N,0. 


d to nitrous oxide * 
Х03)--5Н.0--5.0. 
centrated acid is reduced to 
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Ammonium nitrate is also obtained by the action of 
cold and very dilute acid : 

4Zu--10HNO; —4Zn(NO5)s -3H50--NH4NOs. 

Iron: (i) Hot and dilute acid is reduced to nitric oxide 
mainly $ Ее--АНМО;--Ее МО;)з +2H,0+NO. 

(ii) Ammonium nitrate is obtained by the action of 
cold and dilute acid: 

4Fe+10HNO; =4Fe(NOs).+3H,0+NH,NO3;. 

: Aqua-regia : A mixture of one volume of concentrated 
nitric acid and four* volumes of concentrated hydrochloric 
acid is known as ‘aqua-regia’, as it can dissolve gold, the 
king of metals: 

Au--4HCI--HNO; = HAuCl, 4-NO--2H 90. 
Neither of the acids alone can do the same. 


, Aqua regia on warming gives off an orange yellow 
mixture consisting of chlorine and nitrosyl chloride : 
HNO; +3HCI=Clo+NOCI+2H.0. 


Questions 
_ i How is hydrogen chloride prepared in the Jaboratcry ? State its 
inportant properties. 
2, Dosoribo in brief a method of preparing hydrochloric: acid. Mention 
one of its physical and two chemical properties. 
8. Describe a method of preparing sulphuric acid on a large scale. State 
two of its physical and three chemical properties. 
4, How is nitricacid prepared in the loboratory ? Mention its chief 
Properties, 
5. Mentioning the necessary condition state with plausible equations the 
Actions of ;— 
fa) Sulphuric acid оп S, Zn and HBr ; 
(b) hydrochloric acid on Ag, MnO, and KMnO, ; and 
(c) nitric acid on I,, FeSO, and Са. 


Sample questions for objective type tests 


А Alternate response type 


Yes or No type 
(i) Is sulphuric acid less volatile than bydrochlorie acid ? — 
(ii) Is hydrochloric acid an oxidising acid ? - 
(jii) Is sulphuric acid a dibasic acid ? — 
B. Multiple choice type 
(i Which of the following reagents will liberate chlorine f 
chloric acid at room temperature ? rom, hydro 
—Manganese dioxide, patassium permanganate, 
(ii) Which of the acids is used as desiccating agent in the laborat 
1 —Cono, HCI, Cono, H480,, Cono. HNO4. Med 
(iit) Below is given a list of metals ; select one from it in order to liberate 
hydrogen from nitric acid $ 
— Magnesium, zinc. iron, aluminium, 


*Partington 


Phy. Se Х-8 


CHAPTER THREE 


A FEW ELEMENTS AND 
INORGANIC SUBSTANCES 
3-1. A few elements 
(a) Boron 
Bymbol B Atomic number 5 Atomic weight 10°82 

Boron does not occur in the free state, It is found only as 
compoundsin nature. Two such compounds of prime import- 

ance are boric acid НВО; and borax М№а,В,О,, 10Н.0. 
Boron in traces is congenial to the growth of plants. 
Many agricultural crops such as tobacco, cotton etc. 
tequire small amount of boron compounds іп the soil for 
their normal growth and in consequence boron fertilizers 
are gradually gaining wider applications. Boron carbide 
(B4C), a compound of boron and carbon is almost as hard 
as diamond and finds extensive use as an abrasive. 
finds application in glass industry and as a flux in welding 


metals. Boric acid is a well known antiseptic and boranes 
are excellent rocket fuels, 


(b) Carbon 
Symbol 0 Atomic number 6 


Borax 


Atomio weight 19 

wn elements, constantly 
in our everyday life. 
line as diamond and 
асе ccal, In the 


Carbonates such as limestone, magnesite, dolomite etc. are 


important minerals, Itisan important constituent of all 
animals and plant bodies. 


Allotropy and allotropes : 
may exist in more than one fo 
different properties, The 
allotropes and the element j 
Hence, allotropy is the name 
element by virtue of which it 


Some elementary substances 
tm exhibitting more or less 
different forms are called 
5 said to exhibit allotropy: 
given to that property of av 
сап exist in more than оре 
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form. Carbon, sulphur and phosphorus are some of the 
common examples of the elements exhibitting allotropy. 
The different allotropes of the elementary substance carbon 
are described below : 

Carbon exists in both crystalline as well asso called 
amorphous forms. 


Carbon 
YEN 
Crystalline Amorphous 
(i Diamond (iii) Charcoals (Animal 
(ii) Graphite charcoal, wood 
charcoal etc. 


(iv) Lamp black or soot 
(v) Gas Carbon 
(vi) Coke : 


Bright, hard diamond ; grey soft graphite and the blac 
charcoal bear no external resemblances to each other and 
thus boundless is the limit of our astonishment when we 
think that carbon isthe common name for these and a 
number of substances mentioned above. But if the different 
varieties are burnt in oxygen, the one and the same 
substance carbon dioxide turning lime water milky is 
Obtained in each case. Moreover, if each in the pure state 
and in equal amounts be completely burnt in oxygen the 
Weight of carbon dioxide;formed in each case is found to 
be exactly the same. 

Diamond, the hardest substance known is used as gems, 
Black or dark coloured diamonds—carbonado and boart 
are of no value as gems and are used for cutting diamonds 
drilling rocks and polishing other stones. 

Graphite is used in the preparation of so called ‘lead 
pencils’, crucibles that can resists high temperature, 
electrodes etc. А 

Charcoals : Several varieties dependent on the sources 
are known. Wood charcoal and animal charcoal, for 
&xamples, are obtained by dry distillation of wood and 
animal matters (such as bones etc.) respectively. Wood 
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charcoal is used as fuel, as a reducing agent, for preparing 
gun powder etc, Animal charcoal is used for decolouris- 
ing sugar syrup and activated charcoal, a specially pre- 
pared опе is used in gas masks, 

Lamp black is used in printing ink, shoe polish etc. 

Gas carbon is used for preparing brushes used in motors 
and dynamos, 

Coke is used as a household fuel and hard coke is used 
as à reducing agent in the extraction of some metals, 

(c) Phosphorus 

Bymbol P Atomio number 15 Atomio weight 30:97 

Dr. Henning Brand, an alchemist of Hamburg іш 
Germany discovered it near about 1674, Phosphorus, the 
"light bearer’ is so named because of its property of 
glowing in the dark. 

It does not occur free in.nature but is always found in 
the combined state, As phosphate it is abundant and also 
found in many Places. Calcium Phosphate, the chief com- 
Pound occurs in minerals apatites and in the bones of 
animals. It is one of the essential constitueuts of nerves 
and brain ; yolk of eggs also contains phosphorus—in all 
these phosphorus being present in the form of complex 
organic compounds, 

Phosphorus, like carbon exhibits allotropy. Two mai? 
forms are ; (0 White or yellow phosphorus and (ii) red 
Phosphorus, Two forms differ in many of their physical 


elting point, and іп the readines* 
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with a rubber stopper, through which are introduced two 
tubes. Red phosphorus is then heated in a very slow 
stream of dry carbon dioxide after displacing the whole of 
air from inside. White phosphorus condenses in the upper 
<ooler portion of the test tube. 

That the two forms consist of phosphorus and nothing 
‘else will be evident from the following : 


(i) White form is changed into the red one in absence 
of any second substance with which the phosphorus could 
possibly react, (ii) The different forms if burnt in ап 
excess of pure oxygen, the same substance phosphorus 
pentoxide is obtained in both the cases. (iii) If identical 
weights of the two forms are completely burnt in oxygen, 
the weight of the product phosphorus pentoxide is found 
to be the same in each case, 

Phosphorus is in large demand in match industry. Ina 
‘safety match’ the side of the box is coated with a mixture 
containing powdered glass, red phosphorus and glue, 
White phosphorus is used for preparing red phosphorus, 
phosphorus pentoxide, calcium hypophosphite, incendiary 
bombs ete, It is also used to some extent as a rat poison. 


(d) Sulphur 


'Bymbol В Atomic number 16 Atomic weight 32°06 


Sulphur had been known:from the earliest antiquity, 
Yt was once called ‘Brimstone’ meaning ‘burning stone’ 
and people considered it to be the symbol of Devil, 
Lavoisier was the first to realise in 1777 its elementary 
character. 

In nature it is found both in free and combined state, 
Free sulphur is often found in the vicinity of volcanoes. 
Sd are large deposits of the free elementsin Japan, 
d etc. But most of the sulphur of commerce now 

ares from Texas and Louisiana іп U.S. A, where vast 
MB of elementary sulphur of 99°5% purity occur several 
ted feet below the surface. As compotnds it is 
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abundant in the form of inorganic sulphides and sulphates 
in various minerals. e.g. as sulphides in iron and copper 
pyrites (FeS, ; Са,5,Бе,5,), galena (PbS) etc; as sulphate 
in gypsum (CaSO,.2H,0), Kieserite (MgSO,.H,0) etc. 
Moreover, it is a constituent of some form of organic matter 
—onion, garlic, egg еіс, ате some of the examples of it. 
Characteristic odour of onion or garlic or blackening of 
silver spoon by eggs in due to sulphur compounds, 

Sulphur is used in the manufacture of sulphuric acid, 
Itisalso much in demand in rubber industry, It is. 
employed for dressing vines to Prevent the growth of 
certain kinds of fungus, It finds uses in the Preparation of 
matches, fire works, medicinals etc, It also comes into the 
Preparation of carbon disulphide, which isan important 
solvent and of calcium bisulphite used in Sterilising beer 
Casks and in the manufacture of wood-pulp, 


3-2. Some inorganic substances 
(а) Common ғай: 


н It 15 used for 
Preparing metallic sodi ium carbonate, 
hydrochloric acid, chlorine ete, It is also employed asa 
Preservative for fish and meat, 

Itis a comp 
formula is NaCl. 

It occurs in sea 
tropical countrie 


> 


ound of sodium and chlorine and its 


а transparent, crystalline 
Saturates 100g of water, ‘The 


€scent, but the ordinary kitchen 
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variety cakes together in rainy season by absorbing 
moisture from the air because of the presence of deliques- 
cent magnesium and calcium chlorides as impurity. 

(b) Sodium carbonate: It is used in preparing many, 
substances such as caustic soda, glass, soap etc. It finds 
applications in textile industries, It is used for water 
softening and as a reagent in the laboratory. 

Itisa compound made up ofthree elements namely 
sodium, carbon and oxygen, Its formula is Ма,СОз. Om 
evaporation of its aqueous solution and cooling it crys- 
tallises as Na CO g.10H,O. This hydrated salt is a 
household alkali and is known іп the market as ‘washing 
soda? The decahydrate loses water readily in air forming 
a white powder of the monohydrate №а,СОз.Н,0. The 
method now in use in all countries for preparing soda ash 
NaCO; is ammonia soda process sometimes called Solvay 
process after the name of the discoverer Solvay, the 
Belgian chemist, 

(c) Caustic soda: Itis a deliquescent. white solid. 
It isa strong alkali and readily attacks skin. Metallic 
sodium is obtained by electrolysis of fused caustic soda. 
It comes into the preparation of soap, paper and artificial 
silk. It is also employed in the refining of petroleum, 
Moreover, it finds use as a laboratory reagent. 

It is composed of three elements: sodium, hydrogen 
and oxygen and its molecular formula is NaOH. 


Two methods are mainly -used for manufacturing the 
substance, 


Aqueous solution of sodium carbonate mixed with milk 
of lime (in slight excess of the theoretical value) is heated 
by steam, when calcium carbonate is thrown out of the 
solution as a precipitate and caustic soda remains in solu- 
tion. Or, brine (a saturated solution of pure common salt) 
15 electrolysed and this is the chief commercial method 
today in countries where electric energy is cheap, 
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(d) Lime: Lime, the cheapest basic substance, is a 
compound of calcium with oxygen and its formula is CaO. 


Its chemical name is calcium oxide and is also known as 
quick lime. 


Numerous ате its applications, It hasa strong affinity 
for water and that is why it isused for absorbing water 
vapour, When water is sprayed over the lumps of quicklime, 
much heat is given out, steam evolves witha hissing sound, 
the lumps increase in volume and ultimately crumble into 
Powder, which is named as slaked lime: CaO--H40 = 
Ca(OH), It is used as a building material and for prepa- 
ting bleaching Powder, caustic soda, and in tanning. The 
slaked lime on shaking with water gives milk of lime and 
the decanted clear liquid is Zime water, clean lime water 
is fa remedy for infant’s diarrhoea, Sodalime made by 
Slaking quicklime with caustic soda is used as absorbent 
for many gases such as Carbon dioxide, sulphur dioxide 
hydrogen chloride etc, 

Quicklime is made 
limestone, 


, 


in our countries either by heating 


3) ог burning hard 
ysters etc, in brick built kiln, Shells of these 


It may be Prepared b 
solution of sy 


(f) Copper s 


simply as cop 


pits "Y Passing ammonia through a 60% 
Phuric acid ; 2NH, *-H,80, =(NH,) S04 

ulphate : Cupric sulphate is generally known 
Per sulphate and it isthe most important 
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‘cupric salt, Itforms large blue crystals CuSO4. 5Н-0. 
It may be prepared by dissolving cupric oxide in dilute 
sulphuric acid. But on а large scale it may be obtained 
by blowing air through scrap copper kept moist by a spray 
of warm dilute sulphuric acid : 
2Са--2Н.,50,--О--2Са450,--2Н-0. 

It isan efflorescent solid; the pentahydrate crystals 
Jose water in air and passon to a pale blue powder of 
CuSO, 3H,0. At 220 -260° it becomes almost anhydrous, 
Anhydrous copper sulphate isa white powder, which 
readily absorbs water and becomes blue again, This 
change is utilised in detecting the presence of water ina 
‘gas or non-aqueous liquid. Copper sulphate is used ав a 
germicide and fungicide in agriculture, It is used in 
electroplating and also finds use in preserving hides and 
woods, 

(в) Bleaching powder: It is dirty white powder, the 
‘composition of which is undoubtedly a complex one, It is 
commonly represented simply as Ca(OCI)CI, which however 
is the best approximate one, It is obtained by the action 
of chlorine of nearly dry slaked lime : 

Cl15--Ca(OH), = Ca(OCI)C1 4-H.9O. 

It possesses a suffocating, unpleasant strong smell, 
Moist carbon dioxide decomposes it and chlorine is set 
free thereby. That is why it is to be preserved in air-tight 
bottles or tins. 

It is used for manufacturing chloroform. Because of 
its strong oxidising power it is widely usedasa dis- 
infectant. Asa bleacher it finds tse in paper and textile 
industries, but now-a-days it is being largely replaced by 
liquid chlorine. 


. (h) Glass : The Egyptians discovered the art of 
E esing glass from potash extracted from vegetable 
i у Though we are decidedly more familiar with the 

У or ‘vitreous’ state of silicates in the form of ordinary 
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window glass, the state is by no means limited to silica 
and silicates. 

Ordinary glass isa homogeneous mixture and not a 
pure substance, It is not possible to express its composi- 
tion by a definite formula ; its composition varies within 
a wide range of limits, which is determined by the kind 
and quality desired by the producer, Silicon oxide is, 


for all practical purposes, a common constituent of almost . 


all glasses, The other constituents are dioxides of alkali 
metals (e.g, sodium, potassium etc.) and alkaline earth 
metals (e. g., calcium, magnesium ete.) These in the 
combined state as silicates (e. g., sodium Silicate, calcium 
silicate) remain dissolved in each other and in excess of 
Silica. Glasses meant for special pürposes are made by 
varying the constituents and or their Proportions, Thus, 
for instance, cobalt oxide, chromium oxide etc, make the 
glass coloured. 

With regard to the arrangement of atoms glasses 
resemble liquids. Most molten substances crystallise at 
their respective freezing points. Molten glass, if however 
be cooled, does not crystallise, and although it acquires 
tigidity, it is not a solid in the truest sense, of the term 
This rigidity or hardness as it is called is only superficial, 
it is such a super-cooled liquid that it cannot move 2-45 
Hence a glass may be thought of as a highly viscous 
super-cooled liquid that apparently resembles а solid 
(amorphous). 

It is used in doors and windows, for Preparing labora. 
tory glass wares such as test tubes, beakers, flasks and the 
like. It also comes into the Preparation of lenses. 
prisms, electric bulbs ete, and in giving glazes me 
chinaware and enamels on iron kitchen utensils, 


Questions 


'Allotropy and allotropes? з 
Write what you know about tho allotropes of carbon and phosphorus. 


1, What do you mean by : 
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2 Whatare the sources of boron and sulphur? Mention some of the 
uses of sulphur. 
“White and red phosphorus-are nothing but the allotropes of one and 
the same element phosphorus’—Discuss, 
8. Write in short what you know about the nature, sources and uses of 
sach of the following : 
Common salt, washing soda, bleaching powder and glass, 
4- State two uses of each of the following substances 2 
Caustic soda, copper sulphate and ammonium sulphate, 


Sample questions for objective type tests 
A. Completion type : 


The ordinary kitchen varlety of common galt 


cakes together by absorbing—(a) from the air —(a» 
in rainy season because of the presence of—(b) —(b) 
calcium and magnesium chlorides as— (c) —(c)) 


B. Recall type: 


(i) The white anhydrous copper sulphate -turns into the — hydrated one- 
by absorbing water, 


(ii) Bleaching powder isa good disinfectant owing to its strong — power, 


(11) The rigidity of glass is only superficlal, it is really a highly — super- 


cooled liquid. -- 


CHAPTER FOUR 
METALS AND THEIR ALLOYS 


From time immemorial some substances now known as 
metals are in the service of man. But most of the metals 
-occur as their compounds in nature, Few only occur 
also native. Gold, for example, usually occurs free in 
nature, Copper, silver, tin etc. are sometimes found to 
occur free, АП these naturally occurring compounds or 
materials devoid of life and fermed by the processes found 
Яп nature are termed minerals. But minerals need not 
necessarily be compounds. Man possesses no directing 
‘power in their formation and they occur in water, soil 
-or rocks in the earth. Minerals from which a particular 


metal сап be profitably extracted are called ores of that 
metal, 


4-1. Iron 
We are blessed with huge source of iron and of metals 
iron is second to aluminium in abundance, It makes up 
about 4:27 of earth’s crust by "weight. It occurs in green 
plants and haemoglobin of blood. Very little of it is found 
free, as meteorites sometimes consists of metallic iron. Chief 
iron bearing minerals are noted below : 
оме ое cet eU) 
brown (2Fe505.3H 50) 
(i) Carbonate: Spathic iron ore, FeCOg 
(iii) Sulphide: Iron pyrites FeS,. 
Haematite is considered to be the chief ore of iron. 
Properties: Pure metal has a lustre of its own, Itis 
“soft and white. It may be hammered into sheets and drawn 
into wires, Pure metal melts at 1539° and its Sp. gravity 
15 7:9. 
Dry air does not attack it, but in moist air it rusts. Red 
thot iron burns in oxygen forming Бе;О,: 3Fe+20,= 


a 
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FegO4. Red hot iron decomposes steam and is itself 
oxidised to ferrosoferric oxide : 3Fe+4H,O0=Fe,0,4,+4Ho- 
It dissolves in dilute hydrochloric or sulphuric acid, when 
hydrogen is evolved and ferrous salt formed: Ее--2НСІ- 
FeCla+H,. For reactions with nitric acid see pages. 
22.24. For all purposes iron is not attacked by alkali 
solutions. 


There are three varieties of iron: Cast iron, wrought 
iron and steel, of which wrought iron is the purest опе: 
containing only 0:12--0252 of carbon. Cast iron contains. 
about 222—457, of carbon, which makes it hard and brittle, 
while steel stands midway containing 015—1°5/ of 
carbon. 

Uses: The principal utilisation of cast iron is in 
producing steel and (to some extent) wrought iron. It is. 
used for making fire grates, railings, lamp posts etc. which 
are usually cast in moulds and hence the name. Wrought 
iron is used in making iron plates, sheets, wires, nets ete: 
It is also employed for making electro-magnet. The most 
widely used variety, however, is steel, which finds its uses. 
in the construction of bridges, railway lines, ships, motor 
cars and for making articles such as razors, saws, watch. 
springs, household utensils etc. ; 


4-2. Соррег 


Copper is one of the few metals that occur native and 
that is why it has been known since prehistoric times. 
The name copper is derived from Latin cuprum; which 
refers to its production by the Romans in the island of 
Cyprus. In fact Latin ‘aes cyprium’ (Cyprian copper) later 
on came to be cyprium and cuprum. A few important: 
minerals of the element are listed below : 

Oxide: Cuprite, СиО. 

Sulphide : Copper pyrites, CuFeSs ; Chalcocite, CuS. 

Copper pyrites is the commonest ore of the metal. 
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Properties : Copper possesses а characteristic red colour ; 
m.p. 1083°C. Itisasoft, ductile and malleable metal and 
an excellent conductor of heat and electricity. 


In ordinary air it tarnishes superficially only, a protec- 
-tive coating of oxide or sulphide is formed thereby. But 
іп the air of towns and cities a green film or basic sulphate 
is formed. If heated fora long time in air, copper oxide 
CuO is formed, andat a temperature above 1100°C this 
oxide changes to cuprous oxide: 2Cu-+O,=2CuO, 4CuO 
—2CusO-FOs. Copper is not attacked by cold non oxidis- 
ing acids such as hydrochloric or dilute sulphuric acid. 
In presence of air copper slowly dissolves in dilute 
sulphuric acid: 2Cu+2H,SO,+0,=2CuSO,+2H,0. 
It dissolves readily in nitric acid, when copper nitrate and 
reduction products of nitric acid are formed (Р. 23.) Fused 
alkali attacks the metal changing it into cupric oxide. 


‘Copper dissolyes in ammonium hydroxide in presence 
-of air, 


Uses: After silver, copper is the best conductor of 
electricity and is very widely used in electrical implements. 
Various alloys of copper suchas brass (copper and zinc), 
‘bronze (copper and tin) etc. are in much demand. It is also 
used for coinage and ornamental works. 


43. Magnesium 

Pure magnesium was first obtained by Brutus Bussy, the 
French physician in 1829. Magnesium does not occur free 
in nature. In the combined state itis not only widely dis 
tributed but also plentiful. Among'the important are : 

Carbonate: Magnesite, MgCO, ; Dolomite, СаСОз, 
MgCO;. Salt deposits at Stassfurt іп Germany contain 
chloride and sulphates e.g., Carnallite, KCl, МЕСІ, 6H,0, 
Kieserite, MgSO4, Н;О etc. Besides, the minerals Talc, 
Absestos etc. contain magnesium. It is an essential consti- 
tuent of plant and animal tissues. Sea water also contains 
magnesium compound. 


“Жы. 
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Properties : Magnesium isa silver-white, soft metal of 
low sp. gravity (1:74). Its m.p. and b.p. are 651° and 1100°C 
respectively. 

Magnesium tarnishes in moist air, as it soon gets coated 
with a thin film of its oxide. The metal, if heated in air, 
burns with an intense white light and the product isa 
mixture containing mainly magnesium oxide and a little 
of its nitride : 2Mg+Og=2MgO ; 3Mg +N =Mg;Ns. But 
only magnesium oxide is formed in pure oxygen. Magne- 
sium powder decomposes hot water evolving hydrogen. 
"While magnesium amalgam decomposes cold water and the 
heated metal burns in steam: Mg+H,O=MgO+Hg. 
Magnesium dissolves inall the three dilute acids—hydro- 
chloric, sulphuric and nitric; but it does not dissolve in 
alkalis. The metal, it is to be noted, liberates hydrogen 
from nitric acid, if and when the latter is cold and very 
dilute. Mg-++-2HNO; =Mg(NO3)2+Ho. 

Uses: It is used in flash light photography and for 
making fire works. It is a constituent of many light alloys : 
magnelium’ (Mg+Al),  duralumin (Al+Cu+Mg+Mn), 
electron (Mg+Zn+Cu) etc. some of which are particularly 
adapted to aircraft construction. It finds use as a deoxidant 
and in organic syntheses. 


4-4. Aluminium 


Aluminium isthe most abundant metalin earth's crust 
in which it occurs to the extent of about 8/. Its com- 
pounds are widely and plentifully distributed. Some 
better known are:  Corundum,  Diaspore, Bauxite and 
‘Gibbsite—all are oxides А1,Оз.пН,О, values of n are 0, 1, 2 
and 3 respectively ie. corundum is anhydrous. Some 
precious stones such as ruby, sapphire etc. used as gems 
аге aluminium oxide with small amount of other substances 
that impart colour to them. Besides, Cryolite Nas МЕ,» 
Kaolin А1,О;, 2510, 2Н-О are important aluminium 
bearing minerals. But the chief ore of the metal is bauxite, 
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Properties: Aluminium, when pure, is a silver white 
metal. Itis both malleable and ductile. It is a metal of 
low density, 27 gm. per c.c. and melts at 659°8°C. It isa 
good conductor of heat and electricity. 

It remains almost unaffected in pure air or water; а 
thin transparent film of oxide that protects the metal from 
further action is being formed. Aluminium powder, if 
heated in air, burns with a bright flame; aluminium oxide 
and nitride being formed: 4A14-304,—2A1,0,, 2Al+Ne 
=2AIN. Sea-water and some salt solutions attack the 
metal strongly, although it is only superficially attacked 
by pure water. Moreover, aluminium amalgam decomposes- 
cold water with the evolution of hydrogen: 2Al+6H,0= 
2Al.OH)3+3H,. It dissolves readily in dilute ог concenr 
trated hydrochloric acid: 2АІ+6НСІ=2А1СІ,--ЗН,.. 
Dilute sulphuric acid scarcely attacks the metal, which, 
however, reacts with concentrated sulphuric acid when 
heated. Aluminium dissolves in the acid which is reduced 
to sulphur dioxide. Nitric acid, dilute or concentrated, 18: 
almost without any action on pure aluminium. Caustic 
alkali dissolves the metal readily with the evolution of 
hydrogen and formation of aluminates : 2Al+2NaOH +- 
2НгО-2ХаА10,4-ЭН;. Hot and concentrated solution of 
sodium carbonate dissolves aluminium : 2Al+Na.CO,+ 
3H O =2Na AlO; - CO; +3H3. 

Uses: It is used for making various utensils. Asa 
conductor the metal competes with copper, conductivity 
together with low cost has led to its extensive use in 
electrical implements. Aluminium powder mixed with. 

- linseed oil isa pigment. Its thin shining foils are used for 
wrapping cigarettes, chocolates etc. It is used for coating. 
the mirrors of special optical appliances owing to high 
reflecting power of polished aluminium for light, especially 

æ ultraviolet one. Mixture of aluminium Powder and iron 
oxide—known as thermite—is used for welding purposes 
such as mending broken rails. Some of its alloys (such as- 
duralumin ) are almost as strong as mild steel. But it is 
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very light and it is this combination of strength and light- 
ness, together with low price makes them suitable for 
aircraft construction, 


4-5, Zinc 


Only in traces zinc is found in free state in Australia, 
In the combined state itis abundant and widely distri- 
buted. Better known minerals are : 

(i) Oxide: Zincite, ZnO ; Franklinite, ZnO, Бе,Оз 
(ii) Carbonate: Calamine, ZnCO 3 

(iii) Sulphide: Zinc blende, ZnS, which is the chief 
ore of the metal. 

Properties: Zinc is a bluish white metal of sp. gravity 
71, Itis somewhat brittle at ordinary temperature. But 
jn between 100°—150°C it is malleable and ductile, when 
sheets or wires can be made, It meltsand boils at 419°C 
and 920°C respectively and its vapour is monatomic. 

In moist air a crust of basic carbonate ZnCO3, 3Zn(OH)s 
is formed. It burns with a green flame, when ignited in 
air, yielding zinc oxide: 2Zn-++-Og=2ZnO. Pure zinc is 
not attacked by water. But commercial zinc or zinc coated 
with copper decomposes boiling water. Red hot zinc 
decomposes steam, but this reaction is reversible and dry 
hydrogen reduces the oxide above 450° to metallic Zine: 
Zn+H,0=ZnO+H,. Commercial zinc dissolves readily 
in hydrochloric or dilute sulphuric acid evolving hydrogen 
Zu--H$380,-ZnSO,--H,a. Its reaction with nitric acid 
has already (Pp. 23-24) been discussed. The metal dissolves 
in hot caustic soda and caustic potash forming zincate and 
evolving hydrogen: Zn--2NaOH -NasZnO, (sodium 
zincate) J- H s. 

Uses: Large quantities of zinc are used to coatiton 
sheet and various hotsehold articles in protecting them 
from corrosion. Zinc isa part of many important alloys 
stich as brass (Cu--Zn), German silver (Cu--Zn-F- Ni), ete, 
The metal is an important component of dry cells, Zinc 

Phy, Sc, X—9 : 
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dust and granulated zinc are good reductants. Zinc oxide 
finds use as a pigment, 


4-6. Lead 


Lead has been known from very early times and Roman 
ruins in Europe bear ample evidences of lead water pipes. 
Traces of native lead are said to occur in-some places such 
as Sweden. But in the combined state it is widely distri- 
buted. Its chief ore is galena PbS, which generally 
remains associated with zinc blende and other impurities, 
and usually contains 001—019, of silver, Other lead bearing 
minerals are cerussite, PbCO; ; anglesite, PbSO4 etc 

Properties: Pure lead is a very soft metal possessing 
a silver-white lustre, But it is usually bluish-grey in 
colour and its hardness is due to the presence of foreign 


substances like copper, antimony etc. Itleaves behind a 
black mark when drawn across a paper. It is a heavy 
metal of density 11:34 gmis/c.c,, lead melts at 327°C, 

The metal tarnishes in moist air due to formation of a 
thin film of basic carbonate which protects the metal from 
further action, Dry air is without any action on lead. But 
lead monoxide is formed when fused lead is heated in air 
and at 450—470° the monoxide Passes on to red lead, 
PbO; : 2Pb+O.=2PbO ; 6РЬО--О,-2РЬ,0,. Lead is 
not attacked by pure water free from oxygen, 
high temperature steam is slowly decomposed 
Water containing dissolved air, however, atta 
forming lead hydroxide, the solubility of which though 
smallis quite appreciable, But hard .water containing 
dissolved oxygen is almost without effects on lead. A 
coherent, insoluble thin film of lead carbonate and/or sul- 
phate formed on reaction between the metal and soluble 
carbonates ete, present in hard water Protects the metal 
from further reaction, Thus, lead though a cumulative 
poison, drinking water, which is hard may safely be con- 


but at a very 
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veyed through pipes made ofit. The metal dissolves rea- 
dily in hot dilute nitric acid with the liberation of nitric 
oxide: 3Pb+8HNO;=3Pb(NO;) +2NO+4H.O. Тһе 
metal is not attacked by dilute hydrochloric or dilute sul- 
phuric acid. In presence of air the metal'is rapidly attacked 
even by such week acids as acetic and carbonic acid. 

Uses: Itis used for making water carrying pipes, in 
the sheathing of electric cables. Lead isin demand for 
preparing bullets, the plates of accumulator and the cham- 
bers of old fashioned sulphuric acid works. ‘The metal is 
a constituent of some important alloys such as solder (Pb-+ 
Sn), type metal (Pb+Sn-+Sb) etc. Lead in the form of 
its compounds finds varied applications—use of litharge in 
preparing flint glass and mixing lead tetraethyl with petrol 
for automobiles may be cited for illustrations. 


4-7, Mercury 


As the metal occurs native, though in small quantities, 
itexcited the interest of ancient natural philosophers and 
has therefore, been known since very early times. Its chief 
source is, cinnubar, mercuric sulphide, HgS, which isfound 
chiefly in Spain, in appreciable amounts in Italy and 
in smaller amounts in America, the U. S. S. R., China 
and Japan. 

Properties: Mercury is a silver-white liquid metal, 
In fact mercury is the only metal, which is liquid at room 
temperature. It is the heaviest liquid known and has a sp. 
gravity of 13:59. It freezes at —38'9° and its b.p, is 357°, 
The metal is an excellent conductor of electricity. 

Pure mercury is not attacked by air or oxygen ; it does 
not tarnish in air, lustre is retained indefinitely, When 
heated in air mercuric oxide is formed and this oxide on 
strong heating decomposes into metallic mercury and 
oxygen: 2Hg+O,=2HgO. Water, even in the form of 
steam is without effects on mercury, Hydrochloric or 
dilute sulphuric acid or alkalis are without action on the 
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metal, which however dissolves readily in dilute nitric 
acid forming mercurous nitrate and oxide of nitrogen : 
6Hg+8HNO;=3Hg.(NO3)o+2NO+4H.0. 

Mercury vapour is highly poisonous 

Uses: It fluidity, high density, excellent conductivity, 
uniform expansion for rise of temperature, low vapour 
pressure and uureactive character make it a highly useful 
substance and it is used in the construction of thermometers, 
barometers and many other scientific instruments. 
Mercury is a constituent of many Ayurvedic drugs and 
of alloys known as amalgams. It is also used in the 
manufacture of mercury fulminate for detonators 


4-8, Alloys and Amalgams 


An alloy is a metallic material retention of metallic 
properties) formed from two or more elements, It is gene- 
tally obtained by allowing the molten mixture of the cons- 
tituent elements to solidify on cooling. Pure gold is too: 
soft to be used in coinage or ornaments. It is usually 
alloyed with copper or silver or both Silver makes the 
colour paler, while copper makes it more red. Brass, ап 
alloy of copper and zinc prepared by melting the constituent 
metals together. It is harder than copper and its m p. 15 
lower than that of copper. It is used in making various 
household utensils, rods, tubes, locks, taps ete, Beil metal, 
an alloy of copper and tin is made by gradually adding 
copper to molten tin. It is widely used for domestic 
utensils and for making bells. 

Alloys of mercury are called amalgams and many 
metals dissolve in mercury forming amalgams. Many 
alloys of mercury and other metals are liquid. Hence, it 
is not necessary for an alloy to be solid. Many amalgams 
contain definite compounds e.g., NaHg;, AuyHg etc, Some 
metals (e.g., gold) are extracted through the process of 
‘amalgamation’, Tin amalgam is used as the reflecting. 

surface in cheap quality mirrors, Sodium amalgam is a 
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convenient reducing agent. Silver amalgam is used in 
dentistry for filling teeth 


Questions 


1. What is the difference between a mineral and an ore? Name the chief 
оге of iron, Describe in brief the properties of iron. State what you know 
about its uses, 

2, Write in brief what you know about the occurrence, important 
properties and the principal uses of copper. 

8, Mention the chief oro, two chemical properties and two important 
ares of each of the following metals $ 

(в) Zinc, (b) aluminium and (с) lead, 

4, What do you mean by ‘alloys and amalgams’ ? 

What is the chief source of mercury ? 
Write what you know nbout the properties and uses of mercury, 

5 (a) Under what conditions does water react with each of the following 
metals : 

^ (i) magnesium, (ii) iron and (iii) aluminium? 
Give equations stating the changes that might have taken placo. 

(b) Describe with equations the changes that occur in the following 
processes : 

Zino and aluminium аге separately heated with cono. colution of 
‘caustic soda, 


Sample questions for objective type test 
Alternate response type 


Yes or No typo 

(i) Oan magnesium liberate hydrogen from cold and very dilute 
nitric acid ? 

(ii) Is bell metal ап amalgam ? == 

(ili) Can the lead pips be used for conveying drinking water, whioh 
is hard ? 

(iv) Is mercury the only metal, that is liquid 
&empoerature ? 


at ordinary 


CHAPTER FIVE 
ORGANIC COMPOUNDS: 


In days of yore organic substances like alcohol, fats, 
oils, starch etc. were known. But men were not familiar 
with their chemistry and in fact organic chemistry as а 
science rational aud methodical is not of long standing. In 
1675 Lemery classified the compounds derived from nature 
into three groups in accordance with thelr sources— Vege- 
table, animal and mineral, But Lavoisier by means of his: 
epoch-making experiment made it plain that all vegetable 
and animal matters had in them at least such elements as 
carbon and hydrogen and frequently nitrogen. So vege- 
table and animal products are greatly akin. Later on, in 
some cases again the same compound was found to exist in 
the composition of both vegetable and animal matters. 
Hence it is evident that two classes of compounds are not 
essentially different. Viewed in this light, it is clear that 
a modification of Lemery’s classification is imperatively 
necessary. So about 200 years ago that is in the latter part 
of the 18th century the word ‘organic’ was coined іп сһеші- 
cal terminology to differentiate distinctly the products of 
living organisms (plants and animals) from those of the 
non-living world. The compounds of non-living origin 
were, therefore, termed ‘inorganic’, 

It isa wonder that organic compounds with diverse 
characters are all derived from a selected few of the large 
number of elements known. ‘The production of these com- 
pounds was so far beyond the scope of ones creative abili- 
ties ie, it was not possible to form them artificially. As 
a result the then men of science were of opinion that it was 
impossible to produce organic compounds without the 
intervention of what was called ‘vital force’ existing in 
living cells, 

It was Wohler who first raised his voice of protest 
against the theory of vital force, In 1828 he noticed that 
the evaporation of a solution ammonium cyanate converted 
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a portion of inorganic salt into urea, decidedly an organic 
compound his isan end product of animal metabolism, 
occurs in the urine of mammals and was hitherto obtained 
only from animal sources. Though in retrospect this ex- 
periment of Wohler appears to provide a synthesis of orga- 
nic compound demonstrating the continuity between orga- 
nic and inorganic chemicals, yet the conclusion was then 
not as obvious as it is now. At the time it gave only a 
shock to the aforesaid theory but could not oust it altoge- 
ther. Since that time many syntheses followed, one of the 
earliest being that due to Kolbe, who in 1845 obtained ace- 
tic acid in the laboratory without the aid of vital force. By 
1850 the vitalistic theory was entirely dead, Thus the 
retention of the two terms organic and inorganic would 
appear unnecessary. Vet the designations are still there, 
the word organic has lost much of its original significance 
and it is clearly a case of distinction without any real diffe- 
rence. The distinctive features that demand a separate 
treatment are as follows: 

(i) The so called organic compounds invariably contain 
carbon and the chemistry of carbon compounds is termed 
organic chemistry, though the element carbon, its oxides, 
carbonates etc. are included in the subject matter of inorga- 
nic chemistry, What was once organic chemistry is now 
known as chemistry of carbon compounds, 

(ii) Carbon compounds ате more numerous than those 
that do not contain carbon, It becomes merely convenient 
to study them in a separate division of chemistry. 

(iii) Viewed inthis light it may seem surprising that 
though the compounds containing hydrogen are even more 
numerous than are those of carbon, yet we have no separate 
or distinct branch of chemistry dealing with the compo- 
unds containing hydrogen. The crux tothe problem lies 
in the unique valence character ef carbon. Carbon atoms 
can hook on to one another by covalent linkages without 
any known limit so that the potential number of organic 
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compounds is virtually limitless This property known 
ав catenation is not found to such a degree іп any other 
element, 


Scope: Numerous ате the achievements of organic che- 
mistry ; the scope of organic chemicals is vast indeed. 
From carbohydrate to protein, from paper to nylon, from 
rubber to bakelite, from quinine to penicillin, etc. are noth- 
ing but organic chemicals, They are eaten as foods. We 
take in carbohydrates such as tice, wheat, potato, sugar, 
ete. as food. Our food includes proteins e.g., fish, meat, 
egg etc, and fatty matters such as butter and vitamins as 
well. They ате worn as clothes and used asdrugs. To 
mention a few nylon and terylene are synthetic fibres that 
Sutpass the natural ones in durability and aesthetic value. 
Quinine fights malaria, Urea stibamine isa specific remedy 
for Kala-azar. Iodoform is a good disinfectant, The drugs 
penicillin, streptomycin, chloromycetin etc, the wonders 
of modern times are combating the dreadful diseases such 
as pneumonia, tuberculosis, typhoid, etc., that take a heavy 
toll of human lives every year and thus the 
come to the relief of the suffering millions. The discovery 
of chloroform, either and the like that are used as anaes- 
thetics has removed the horrors of surgery. They include 

fertilisers and insecticides. It is hoped that by proper 
Utilisation of the knowledge acquired by unremitting 
tesearch the food problem of the world will be solved in 
future. The advent of petroleum and the like ushered in a 
new era in our ever advancing civilisation. 


drugs have 


The study of life processes in one of the most important 
applications of organic chemistry. A thorough and careful 
examination of the tissues, various secretions, the other 
constituents and their nature or Products of plants and ani- 
mals is based upon this branch of chemistry. In fact, orga- 
nic compounds constitute most of the materials associated 
with living organisms. The chief source of carbon in living 
beings is carbon dioxide which is converted into simple 
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chemicals in green plants through the process of photosyn- 
thesis, These simple chemicals are converted into multi- 
tude of natural products by metabolic processes of plants 
and animals. To understand the digestion and assimilation 
.of food requires the knowledge of basic principles of orga- 
mic chemistry The digestive organs provide the necessary 
enzymes and maintain the right condition of warmth, aci- 
dity, etc. for the proper functioning of the latter. The food 
‘gets digested through various chemical changes. The undi- 
gested foodstuffs are periodically expelled by voluntary 
muscular action. The importance of organic reaction here 
will be evident from an example. In presence of enzymes 
proteins of food materials are converted into simpler com- 
pounds, amino acids, which repair and rebuild the body 
‘cells. The function of enzyme is catalytic. That the vita- 
mins are organic compounds have already been stated. 
These substances in very minute amounts are essential for 
the normal growth and proper nourishment of the body, 
Deficiency of these material in our diet makes the body sus- 
ceptible to various diseases. Hormones ате organic com- 
pounds. They exert a regulatory influence on body functions, 
Insulin, a hormone secreted by pancreas is essential for 
the metabolism of carbohydrates and deficiency of the subs- 
tance leads to the disease diabetes mellitus. A hormone 
again сап turn a normal man into a lunatic one. It is 
remarkable that some hydrocarbons may induce the dread- 
ful disease cancer. ‘That the various facts comprising the 
life process and many more mysteries of nature can largely 
beexplained on the basis of organic chemistry are now 
understandable. Hence, starting from basic needs of man 
there is hardly any field in which this branch of chemistry 
has no direct or indirect applications. 


‘Carbon linkages and classification of organic compounds 

Naturaly we are now confronted with the question of 
how it is possible for carbon atom to form so many different 
compounds of such wide variety. The solution to the prob- 
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lem is found in the theory relating to carbon linkages as 
proposed by the German scientist Kekule, the father of 
modern organic chemistry. Although a brief reference to 
the theory has already been madea proper understanding 
of it demands its discussion in а little more detail. The 
main postulates of the theory are: (i) Carbon has usually 
the constant valency of four, (ii) atoms of carbon have the 
power to combine with one another, without any known 
limit. The atoms of most of the elements on the other hand 
unite with the atoms of other element in accordance with 
their valencies and the few elements namely silicon or nitro- 
gen that may anite with itself can do the same to a limited 
extent only, Graphic representation here will be helpful for 
understanding it. Affix short lines to the symbol of the 
element to indicate the valency bonds, one line for every 
valence and arrange them in the three ways as follows : 


| 
—C— =C= —C= 


| 
Consider the lines as hooks and imagine that one hook 
can hold one and one hook only. Hook the above figures 
together, two by two. Three possible arrangements ате: 


—— Cr Cc — =c 


| CL .-ccÉc— 


Double bond E Triple bond 


Thus the carbon atoms can unite by si 

single, double or 
triple bonds. One valency of each of the Stone concerned 
is utilised in establishing a linkage. This is shown by 
drawing a full line in between the atoms concerned. One 


line represents a single bond twi 
ЕВА. Е » wo a double bond and three 


Led] 
Spe -С-С-, —C=C— 


According to modern theo 
of Kekule involves sharing 


Single bond 


ty a linkage or valence bond 
of one pair of electrons be- 


^ 
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tween the atoms. Similarly a double bond implies sharing 
of two pairs and a triple bond three pairs between the 
atoms. That is to say that carbon atoms unite with each 
other by covalent linkage. Carbon may unite in the same 
fashion with atoms of other elements too. 
О-С-О H-C=N 
Carbon dioxide Hydrogen cyanide 

We have so far taken two carbon atoms only in our dis- 
cussion. Not only two but without any known limit carbon 
atom may unite with itself in the similar fashion to form 
open chains of carbon, which may be straight or branch 
and thus the existence of many different compounds are 
accounted for. 


Hu e. —C—C—C— 

е [e Sis (ЕЗІ 
=o 
| 

Open and straight Open and branched 


But many more carbon compounds such as benzene and: 
the like are there whose formulae would not line up in this 
kind of arrangement. It was again Kekule, the шап end- 
owed with keen intuitive faculties solved the problem, The 
solution, itis said, came to him in a dream. Once after 
toiling for the whole day 
with long chains of carbon 
atoms he felt drowsy, while AEN SE Ft eS 


sitting before the fire in oe 4 1 T T 
the evening. In hisdream  — C$ ee н Сн 
the chains turned into 1 t 
snakes, twisting and twin- H 

ing. When one of the Closed chaia 


snakes in doing so seized its own tailallof a sudden and 


formed a ting, the idea of cyclic structure came to the 
master mind, Thus a carbon atom (acting as the mouth 
of a snake) may grasp another atom farther away (like the 
tail) from the former in the chain forming a ring or closed 
chain or cyclic structure. 

Besides, combination of chains (open) and rings with 
the maintainance of normal valencies of all atoms шау: 
sometimes enter into the structure of the same molecule, 
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Chemists in the early days classified the organic com- 
pounds into two broad divisions; (i) aliphatic, which 


| Includes fats stich as tallow, 


c | | ete. and compounds related 
m зя с to them. The word ‘aliphatic’ 
| i | Ї isderived тот Greek‘aliphos’ 
—c os meaning fat. (ii) Besides, 
К early in the development оѓ 

| 


organicchemistry someother 
-Combination of open and closed chain compounds were obtained 


from natural sources such as 
resins, balsams etc, ‘These compounds could not be fitted 
into the then known aliphatic compounds. Though the 
structures of the compounds were not known they were 
1 € property in common : a property of 
having a flavour-fragrant smell. From Greek ‘aroma’ 


en below ; 
Organic Compounds 


Oben-chain compounds Closed chain 
( aliphatic ) Compounds 
КА 


eee 
Carbocyclic ot homocyclic 


1 Heterocyclic 
(ring is composed of carbon (besides carbon the 
atoms only) ting contains other 
elements, usually 
nitrogen, oxygen 
and sulphur) 
Y е Y 
Aromatic Alicyclic 
“(carbocyclic containing (non-benzenoiq 


2t least one benzene Compounds) the name is a 

-ring) Condensation of the two words 
— aliphatic апа cyclic. They 
Tesemble aliphatic compounds 
in many ways, 


carbocyclic 
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It is to be noted that in a molecule if all the carbon 
atoms concerned are joined to one another by single 
covalent linkages, the compound is said to be saturated; 
If one the other hand, the molecule contains at least one 
such pair of carbon atoms as are linked with one another by- 


two or three covalent bonds, the molecule is an unsaturated 
one. Thus ethane, for example, is a saturated compound, 


while ethylene and acetylene are unsaturated. The 
structural formulas of these compounds are given below : 


H 
al EN ,B 
H— C—C—H C=C H—CazC—H 
| | H / NS 
155-227 
( ethane ) ( ethylene ) ( acetylene ) 


Comparison between organic and inorganic compounds. 
(0 Organic compounds invariably contain carbon, but 
the converse is not always true, Organic compounds though 
large in number and wide in variety contain a few more 
elements (such as hydrogen, oxygen ; sometimes nitrogen,. 
sulphur, phosphorus and some metals) besides carbon, On 
the other hand, of the elements known todate a little over 
hundred each has a place of its own in the case 
nic compounds, 
(ii) Inorganic compounds ате usually electrovalent,. 
while organic compounds are covalent. 

(11) Organic compounds are in general soluble in organic 
solvents and are not usually miscible with water, They are 
of usually low melting and boiling points and decompose 
at high temperature. Many inorganic compounds, on the 
other hand, are soluble in water and usually not miscible 
with organic solvents. They are ustially heat resistant 
having relatively high melting and boiling points, Many 
organic and a few inorganic compounds are combustible, 

(iv) Many organic compotnds are complex molecules, 
more complex than the inorganic compounds, Their 
molecules may be very big. Molecular formula of s 


of inorga-- 


tarch, 
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for example, is (С,Н,,О;),, the value of n may be several 
hundreds or even thousands. A molecular formula does 
not always characterise a particular organic compound, 
A single formula often represents more than one organic 
compound. Molecular formula of ethyl alcohol is СгН6О 
and-another substance called ether having the same 
molecular formula is also known. Comparable complexity 
is rarely met with in the inorganic field. 

(v) Organic reactions are mostly complex and slow, 
while inorganic reactions are generally simple and rapid. 


A few familiar organic compounds 
5-1. Methane, CH,. 


Natural gas is a source of methane. Natural gas issues 
from many places on the earth’s surface. ‘The ‘holy fire’ of 
Baku, for example, attracted the attention of fire worships 
pers as early as 600 A.D. Natural gas occurs in most oil 
wells. Methane is believed to be responsible for coal mine 
explosions. The gas evolves from the fissures in coal bed, 
mixes with air and this mixture explodes with violence on 
coming in contact with fire, Methane constitutes about 40 
p.c. of coal gas by volume, Another name for methane is 
‘marsh’ gas, asit is found in large quantities in marshy 
land due to bacterial decomposition of organic matter, 

One of the methods of large-scale preparation of both 
methanol and formaldehyde involves the partial oxidation 
(catalytic) of methane. On heating at 1000°C it decom- 


poses into carbon and hydrogen: CH,>C+2H,. Тһе 
-carbon so produced is known as ‘carbon black? and is used 


in making printers’ ink and paints and is also in demand 
4n rubber industry. Methane is used in the manufacture 
of methyl chloride and methylene chloride. Methane also 
serves as a source of hydrogen ; when a mixture of methane 
and steam is allowed to pass over metallic nickel supported 
on alumina at 725°C carbon monoxide and hydrogen 
evolve: СН,--Нг0>СО--8Н,. 


16 


ORGANIC COMPOUNDS 52 


5-2. Ethylene, C2H4. 

Ethylene constitutes about 4--10 р.с. by volume of coal 
gas. Large quantities of ethylene are now-a-days obtained 
‘as a by-product in the cracking of petroleum. As a result 
the substance has acquired technical importance and is 
finding wide applications for the preparation of large num- 
ber of organic substances. 

It is used for artificial ripening of fruits. Mustard gas, 
a poisonous substance is prepared from it. It finds use in 
the preparation of solvents glycol, dioxan etc. It is much 
in demand in manufacture of plastic polythene and alcohol 
‘ethanol. It is used as an anaesthetic. 

5-3. Acetylene, C.Ho. 

Acetylene in traces occurs in coal gas. It is sometimes 
formed due to incomplete combustion of some organic subs- 
tances—it is formed when a Bunsen burner strikes back. 
Decomposition of some organic substances by heat leads to 
its formation. 

It finds wide applications. It is an illuminant and may 
be burnt in open jets for illuminating purposes. It is used 
for producing oxy-acetylene flame. Halogen derivatives of 
acetylene—acetylene dichloride (C2H»Cl.) and tetrachlo- 
ride (С-Н.СІ,)--аге non-inflammable liquids and are good 
solvents for oils, fats etc. Acetylene is used for production 
of a large numbers of chemicals such as acetaldehyde, acetic 
acid, acetone etc. It is also in demand as a raw material 
for artificial rubber, synthetic fibre etc. 

5-4. Petroleum. 

In Latin it means rock oil, petra-rock and oleum-oil. 


“Тһе theory about its origin is still uncertain, the last 


word is yet to say. According to some it is of vegetable 
origin while others consider it to be of animal origin. 
But the theory which is the favoured most is the decompo- 
sition of organic materials—both plants and animals, It 
has been conjectured that plants and various forms of 
Marine life were burried under sand layers where they were 
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subjected to bacterial action and intense pressure and pro- 


bably high temperature. In the course of ages, thus the 
decomposition of these organic materials resulted in the 
formation of a coloured, viscous liquid, which got accumula- 
ted in earth pockets capped by rock. This oil is known as 
mineral oil or petroleum. Underneath the surface of the 
earth it remains mixed with saline water and sand with 
overlying layer of natural gas. 

Liquid petroleum is а complex mixture, in which satur- 
ated hydrocarbons (compounds of carbon and hydrogen. 
only) of open chain structure predominate. The compo- 
sition of the oil however varies from place to place and no 
two oils have identical composition. Besides hydrocarbons.. 
the oils also contain small amounts of compounds contain- 
ing nitrogen, oxygen and sulphur. By fractionation of 
crude oil different fractions boiling over different ranges 
of temperature are collected to suit various industrial needs 
—gasoline or petrol as a fuel for motor and aeroplane ; 
kerosene for lighting and heating purposes; gas oil, used’ 
today as а fuel for ships, trains ; lubricating oil etc, This 
petrol or kerosene is no pure substance. They are essen- 
tially mixtures of hydrocarbons. Gasoline or petrol is the 
petroleum fraction that boils between 40° and 200° and the: 
fraction having the range of boiling 175° 325° is kerosene. 
Of the two—petrol and kerosene—the latter consists of 
larger hydrocarbon molecules. 

5-5. Ethyl alcohol, C,H,OH 

As it is the active principle of wine, itis also known as 
‘spirit of wine’. Ethyl alcohol or ethanol is the most impor- 
tant alcohol and is often called simply ‘alcohol’. The vari- 
ous forms of this alcohol with which we are usually familiar 
are methylated spirit, rectified spirit, absolute alcohol, 
alcoholic beverages (beer, whisky) etc. 

The method of producing this alcohol by fermentation 
has been in use from prehistoric days. The primitive method 
was simple and brief. The sugar juice extracted from fruits 
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-such as grapes or from any other source is left exposed to 


air for the nature to do for herself the rest. Concentration of 
sugar gradually falls and there appears instead an intoxi- 
-cating principle, what we call alcohol, in the liquid. ‘The 
influence of a certain type of nitrogenous complex organic 
compound lies at the root of this change, The method is 
still in use for preparing beer, brandy, etc, and also as a 
source of ethyl alcohol. But the above raw materials 
namely fruit juices are too costly to be used for the pro- 
duction of alcoholon a large scale and hence cheaper raw 
materials like molasses from sugar factories or starch such 
as wheat, potatoes, rice, etc depending on the particular 
country are used for preparing industrial alcohol, But most 
-of the alcohol used in chemical industry is prepared today 
by hydration of ethylene, which in its turn is produced 
usually either by cracking of petroleum or by hydrogena- 
tion of acetylene, In India alcohol for drinking purpose 
is being produced in large quantities from mahua flowers, 
which contain both glucose and fructose ; fermentation 
leads to formation of alcohol. 
HCzCH(acetylene)--H5—H C — CH.(ethylene) 


Н.50, 15610) 
H,C=CH,——~»[CH;-CH,0SO;H —>CH,-CH,OH+ 


Н.50, ethanol 
fermentation 
C,H\.0,——-———+>2C,H,OH +2CO, 
sugar ethanol 


Alcohol containing only 4'4% water (and the rest ethanol) 
is known as rectified spirit, Alcohol of higher concentration 
cannot be obtained from an aqueous solution of it by frac- 
tional distillation, at constant pressure. The mixture con- 
taining 95°6% alcohol and 4°4% water boils at a constant 
temperature and this constant boiling mixture is what we 
-call rectified spirit. 

Ethyl alcohol finds wide and varied applications, 
from its use in beverages, it is used for preparing 
number of organic substances such as chloroform, et 


X—10 


Apart 
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In pharmaceutical industry it is much in demand as sol- 
vent and these solutions are known as tinctures. It is also 
used as a solvent for paints, varnishes, resins, etc, Mixed 
with petrol or gasoline it is used as a fuel for motor, 
Besides, many solid organic compounds are purified by 
recrystallisation from alcohol. 

Alcohol is heavily taxed by the government of a country 
unless it is denatured to make it unfit for drinking. Alco-: 
hol is made undrinkable by admixing poisonous, unpala- 
table and obnoxious substances with it, Spirit is said to be 
methylated if denatured by methanol or by methanol and 
other substances, and two kinds of methylated spirits are 
there: (i) Industrial methylated spirit contains about 5% 
methanol and 95% rectified spirit used for commercial pur- 
Poses. (ii) Mineralised methylated spirit used for domestic 
Purpose contains 9% methanol, 1% petroleum oil and 90% 
rectified spirit (and a dye). But irrespective of the dena- 
turants used to make the spirit undrinkable, all denatured 
spirit is usually called methylated spirit, In India alcohol 
is denatured by pyridine of guaranteed mineral origin 
together with light caoutchoucine, Denatured spirit being 
dutyfree sells cheap, 

5-6. Chloroform, CHCI,. 

Action of chlorine on methane 
to formation of chloroform alon 
nes, Besides, partlal reduction о 
iron filings and water ; heating 
paste of bleaching powder (blea 
are in use as sources of i 
ССІ, +2H-CHC1;+HC1. 

It is much in demand in industry as a solvent for fats, 
rubber, resin, etc, A із nsed as anaesthetic in surgery and 
internally as carminative and stomachic. But now-a-days 
it is being largely replaced by other better anaesthetics 
such as diethyl ether, etc., Chloropicrin ie, nitrochloroform 
(CCl4NOg) is an insecticide, Chloroform is also used 


in diffused sunlight leads. 
g with other chlorometha- 
f carbon tetrachloride with 
ethanol or acetone with a 
ching Powder water), etc, 
ndustrial chloroform, eg. 
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as а laboratory reagent and as a preservative for 
decoctions. 

5-7. Vinegar. 

‘Vinegar’ means ‘sour wine’, It consists essentially of 
-a 6 — 10 percent aqueous solution of acetic acid. 

It is produced by the oxidation of ethanol present in low 
grade (light) wine by air under the influence of bacteria : 
CH,CH,OH+0,.>CH;,COOH+H.0. The process occurs 
during the souring of beer or wines. 

Because of the introduction of highly efficient methods 
of fractionation vinegar is today recognised asa source of 
acetic acid, which is used as a solvent and for preparing 
acetone, aceticanhydride, etc. Vinegar is used for table pur- 
poses, in curing meat and in the preparation of white lead, 

5-8. Glycerol, CH,OH.CHOH.CH.OH, 

Animal and vegetable fats and oils such as lard, tallow, 
cocoanut oil, etc, are compounds of glycerol and various 
organic acids, These are important sources of glycerol, 
which is obtained in large quantities as a by-product in 
soap industry. Glycerol is formed in small amounts in the 
normal alcoholic fermentation of sugar, Addition of sodium 
sulphite leads to an increased yield (generally about 25 
percent) of glycerolin the process, In some cotintries, the 
U.S.A for example, the synthesis of glycerol from propylene 
has been of late an economic feasibility ; propylene is 
being obtained from cracking of petroleum, 

Glycerol is used as an antifreeze. It finds use in shoe 
polish, shaving soaps, etc, It isalso used in preparing tonics 
e.g., glycerophosphates, throat paints, etc. Dynamite, blas- 
ting gelatin and cordite, the smokeless powder—all require 
nitroglycerine for their preparation, ‘This so called nitro 
-compound is an ester of glycerol. 

5-9. Soaps. 

Soap has been in use for many years. 
who invented it, but the art of preparin 
passed down from father to son and mot 


No one knows 
g the substance 
her to daughter, 
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The soap makers of antiquity would extract potash 
(К-СО;) from wood ash and soda (Ма ,СО ,) from burnt sea- 
weeds. These were made to react separately with lime to 
produce potassium hydroxide and sodium hydroxide respec- 
tively. Fat was boiled with the alkali thus obtained to 
prepare soap. Modern practice is very much the same with 
the only exception that the boiling of a judicious mixture 
of fats and oils is done in large iron vessel known as soap: 
kettle under steam pressure, In fact, iat or oil or a mixture: 
of the two, whichever is taken, undergoes hydrolysis yiel- 
ding glycerol and sodium or potassium salts of fatty 
It is to be noted here that in the cold process hydrol 
carried out by warm alkali withou 
Oil and fat+NaOH (or KO 
potassium) salt of fatty acids. 
The salts thus obtained are soaps and the alkaline hy- 
drolysis is referred to as saponification. Salts of sodium: 
and potassium of higher fatty acids (namely stearic, palmi- 
tic, etc) are the main constituents of ordinary soaps, Soft 
Soaps ате potassium salts, Moreover, soaps contain various 
fillers such as marble dust and soaps of different varieties 
contain different substances to suit the purposes for which 
they are meant. Laundry soap contains soap stone, sodium 


Silicate, etc, and toilet Soap contains perfumes and colour- 
ing matter, 


-acids. 
ysis is 
t boiling. 

Н) glycerol 4- sodium (or 


It is used as a cleansing agent. 
for special purposes. 
used in waterproofing. 


Special soaps are used 
Aluminium soap, for example, is, 


NH, 
Urea isan end product of Protein metabolism. The 
normal individual excretes in the urine to the extent of 
about 30 gms per day. In 1773 Rouelle discovered the 
sence of urea in the urine of mammals, 
in the blood of mammals and in a numbe 
— worms and snails, 


pre- 
Itis also present 
T of lower animals. 


ЕЯ 


Pe ad 


ORGANIC COMPOUNDS 58 


Large quantities ате used as fertiliser and in the 
making of urea-formaldehyde plastic, It finds use in the 
preparation of barbiturates used as sedative. Urea stiba- 
mine is a specific remedy for kala-azar, The manufacture 
of hydrazine, which involves the reaction between urea 
and alkaline sodium hypochlorite is one of the most recent 
uses of the substance, 

5-11, Glucose, C;H;.0, 

Glucose is present in honey and various sweet fruits. 
The name is derived from Greek ‘glukus’ meaning sweet. 
It is present in abundance in juice of ripe grapes and its 
another name is grape sugar. Honey is mainly a mixture 
of glucose and fructose. It is а normal constituent of blood 
and found in more than normal amount in the blood of 
persons suffering from diabetes mellitus. Normal urine 
contains only a trace of glucose, wbich is abnormally- 
present in urine in diabetes. In nature it is also found to 
occur combined with other subtances, e.g., glucosides. 

It is used in preparing syrups, Jams, Jellies, etc. and in 
making wine by fermentation. Pure glucose finds use asa 
food for invalids, Calcium gluconate is used in calcium 
deficiency. Glucose is the starting material of a synthetic 
method for preparing vitamin-C. 

5-12. Benzene C,H, 

Benzene is one of the illuminating principles of coal gas. 
In 1845 Hofmann isolated it from coal tar and since then 
it has been an important source of the substance and its 
derivatives. In recent years petroleum-has jcome to be 
known as a source of benzene. 

It is a good solvent for oils, fats, resins, etc. "It is used 
in dry cleaning, Italso finds use in preparing various 
chemicals such as nitrobenzene, phenol, maleic anhydride, 
ete, Mixed with petrol it is used as motor fuel. 

5-13. Phenol C;H;OH 

It is commonly known as carbolic acid. It occurs in coal 
tar. But the amount obtainable from the source is not 
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stifficient enough to meet the world demand to-day. Con- 
siderable quantities are now manufactured synthetically. 

Phenol is one of the oldest disinfectants. It is also used 
in preparing drugs (e.g, aspirin), plastic bakelite, explosive 
picric acid, some dyes, etc. 

5-14, Naphthalene, C,,H, 

Naphthalene is one of those susbtances that are obtain- 
able in large quantities from coal tar, It is also found to 
‘occur in small quantities in petroleum from several 
localities, 

Naphthalene is an insect repellent and is used to make 
moth-balls. It is extremely important as a source material 
for the manufacture of phthalic anhydride, Phthalic anhy- 
dride and phthalic acid find use in the Preparation of dyes, 
plastics, etc, on a large scale. Decalin, a reduction product 
of naphthalene is a solvent for varnishes, lacquers, etc, 

Questions 
1. ‘Although the terms organic and inorganic appear to have lost their 
original significances, the designations are still thore’,—Disougs, 
2. Write in brief what’you know about the carbon—carbo 
the classification of organic compounds based on it, 
8. Compare between organic and inorganic compounds, 
4, State two uses of each of methane, 


Write in short what you know about 
petrol, 


5, What are the sources of ethanoj? 
spirit’ and ‘methylated spirit? ? 
What are ‘tinctures’ ? 


n linkage and 


ethylene, and acetylene, 


the Sources, nature and uses of 


What do you mean by ‘rectified 


6, What is a ‘soap’ and what is meant by ‘saponification? ? 


What are the sources of glycerol? Menti 
Pd У. ention вото of tho uses of 
Be sention one source and state one use of each of the following 
(i) urea, (ii) giucose, (iii) benzene, (іу) phenol апа (v) naphthalene 
Sample О; 


uestions for objective type tests 
Completion type s 


Liquid petroleum is а complex—(a), in which—(b) hydrocarbons of — (о) 
chain structure predominate, The Composition of the oil—(d) from place 
Фо place and no two oils have—(e) composition, ps 
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